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Thorstein Veblen...on the place of science 


‘In creative art, as well as in critical taste, the faltering 
talent of Christendom can at the best follow the lead of 
the ancient Greeks and the Chinese. In myth-making, 
folklore, and occult symbolism many of the lower bar- 
barians have achieved things beyond what the latter-day 
priests and poets know how to propose. In political 
finesse, as well as in unreasoning, brute loyalty, more 
than one of the ancient peoples give evidence of a 


capacity to which no modern civilized nation May aspire. 


“To modern civilized men, especially in their intervals 


of sober reflection, all these things that distinguish the * 


barbarian civilizations seem of dubious value... futile 
in comparison with the achievements of science. They 
dwindle in men’s esteem as time passes. This is the one 
secure holding-ground of latter-day conviction, that ‘the 
increase and diffusion of knowledge among men’ is inde- 
feasibly right and good. When seen in such perspective 
as will clear it of the trivial perplexities of work day life, 
this proposition is not questioned within the horizon of 
western culture, and no other cultural ideal holds a 
similar unquestioned place in the convictions of civilized 
mankind.” 


—The Place of Science in Modern Civilization, 1906 
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APPLICATION FOR HOTEL RESERVATIONS 
125th AAAS MEETING | 
Washington, D.C., December 26-31, 1958 | 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Washington. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Washington and thereby avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly; a confirmation will be sent you in two weeks or less. 

As in any city, single-bedded rooms at minimum rates may become scarce; double rooms for single 
occupancy cost more; for a lower rate, share a twin-bedded room with a colleague. Most hotels will place 
comfortable rollaway beds in rooms or suites at $2.00 to $2.50 per night. Mail your application now to secure your 
first choice of desired accommodations. All requests for reservations must give a definite date and estimated hour 
of arrival, and also probable date of departure. 
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*Washington 7.00— 8.00 11.00-12.50 11.00-12.50 24.50—45.00 
*Willard 10.00-12.50 13.00-17.00 14.00—18.00 25.00-35.00 
Roosevelt 7.00-— 9.00 10.00-12.00 18.00-24.00 
Sheraton-Carlton 12.00-17.00 17.00-21.00 
Windsor Park all 9.00 all 14.00 all 14.00 13.00-18.00 
cman er es eeneaemenes THIS IS YOUR HOUSING RESERVATION COUPON ----------""— 
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BUMS . s00s0 cb see oeaar ene ens DRM RARE «6 06.3 b)0:0.0/6 0:6:010 Maximum Rate: ..sscsisececs Sharing this room will be: 
(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 
First Choice PIER a CURE e'beeseeesceee Second Choice Hotel eoeececece ececceseece Third Choice TIOE ccccdevtcowsseeces 
DATE OF ARRIVAL @eeeeeseeeeeeeeeeeeeeseeeeeeeeeeeeeeee DEPARTURE DATE eeeeeeeeeeeeeseeeeeeeeeseeseeeeeeeeee 
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matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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TMC PA-3B AMPLISORTER 
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counting modes: 


INTEGRAL MODE — for counting all 


pulses above base line 


WINDOW MODE — for standard 
window counting as in conventional 
analyzers — window variable 0-10 
volts 


UPPER LIMIT MODE — for wider 


differential range counting— upper and 
lower limits each variable 0-100 volts 





60 70 ae ee COs £ JQ em AOD 


A Cs 137 spectrum taken in a standard 0-10 volt 
window mode. The upper limit mode of the PA-3B 
would count pulses between the limits of the photo 
peak. 


The TMC Model PA-3B combination single-channel 
pulse height analyzer and linear amplifier attains a new 
degree of efficiency and accuracy through an added third 
counting mode. Where other analyzers can go no further 
than counting in a window mode, the PA-3B provides 
an upper limit mode to count between any desired lower 
and upper limits on the spectrum. This gives the PA-3B 
an extremely wide differential range and makes it the 
most capable instrument for such precise operations as 
isotope monitoring, x-ray diffraction measurement and 
other experimental set-ups where extreme instrument 
efficiency is essential. 


The linear amplifier section is a non-blocking Chase 
Higinbotham long-tail-pair type. It features binary gain 
control from 1 to 64, maximum gain of 8000, and fixed 
RC clipping. (Negative input and 1.5 us. clipping are 
standard, but. positive input and other clipping times 
may be specified.) Price of Model PA-3B, $700. 

Where two-channel analysis is desired, the Model PA-4A 
Dual-Channel Analyzer provides all the features of the 
PA-3B, but has a second analyzer unit in place of the 
linear amplifier. Price of the PA-4A is $900. 

Complete data and specifications on the PA-3B, PA-4A, 
or any of a variety of TMC radiation measurement 
instruments are available on request. 


TECHNICAL MEASUREMENT CORPORATION 


140 STATE STREET, NEW HAVEN, CONNECTICUT 
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The Lost Legion 


In recent years a shift in the locus of *. search has taken place. “Research 
done in industrial laboratories is now the major portion of research in prog- 
ress in this country and is increasing steadily” [Am. Scientist 46, 24 (1958) ]. 
In industrial laboratories, and to a lesser extent in research enterprises con- 
ducted under university and institute auspices, the team has replaced the 
individual investigator. The scientist working alone and the majority of 
those who engage in contract work in universities expect to publish their 
results. This condition does not prevail to a marked degree in industrial 
laboratories, where teams of scientists and technicians work on projects that 
are designed to have commercial value to their employers. Many scientists 
who enter industrial employment constitute a lost legion so far as publica- 
tion of research results is concerned. 

A young scientist whose only experience has been in the university envi- 
ronment may be unaware of conditions that will limit his professional ad- 
vancement if he accepts employment in one of the 4834 industrial labora- 
tories listed by the National Research Council. After a period of orientation 
it is likely that he will become a member of a research team that may or 
may not be working in the area of his special interest. The research team is 
primarily a group of specialists working under the supervision of an admin- 
istrator. It is essentially a managerial control device whose success, from the 
commercial point of view, has been notable. Industrialists hold the concept 
of team management in high regard. Howard Joseph Morgens, president 
of the Procter & Gamble Company, has been quoted as saying, “We all 
work so closely together that you can’t say one man did one thing and 
another something else” [Fortune 56, 160 (Nov. 1957) ]. 

But consider the effect of team membership upon the professional career 
of a participating scientist. His superiors will determine the direction of the 
research and may subdivide the work and shift team members in and out of 
the group until all record of individual contribution is hopelessly lost. A 
man may spend years working diligently in an industrial laboratory and 
have no published record of his research. Later, if he chooses to seek em- 
ployment elsewhere or is considered for a university appointment, he is 
unable to present evidence of his status as a productive scientist. He is un- 
known to his contemporaries outside the small group of fellow workers in 
his employer’s laboratory. 

How can the individual scientist protect himself from the tyranny of 
“team management”? He can choose a university career and work where 
the right to publish is safeguarded by university policy or contract. But if 
he genuinely wants the advantages offered by industrial employment—and 
there are advantages, financial and otherwise—he first should get the facts 
regarding the publication policy of the company that he is considering. 
Before accepting employment he should obtain a statement in writing that 
will protect his rights as a scientist. Otherwise he will find himself at the 
mercy of those managers who happen to occupy. high-level posts at a given 
time. 

A discussion of the conditions of employment and a written agreement 
about the salient points will be of advantage to the scientist and to the em- 
ployer. The rights of the former will be recognized, and the latter will dis- 
cover that the supply of outstanding men seeking industrial employment 
will increase. As it is now, many university professors hesitate to encourage 
their ablest students to enter an area where they would be enrolled in the 
lost legion—RicHarp S. Unrsrock, Ohio University, Athens. 
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1 in 35,000,000 


How the telephone switching 
system sorts numbers in seconds 


When you dial out of town, the telephone switching sys- 
tem performs an amazing feat. It sorts out the one other 
number in 35 million you want, and connects you to it in 
seconds. The other telephone may be thousands of miles away. 


Bell Laboratories engineers endowed this great switching 
network with almost superhuman capabilities. As you dial, the 
machine listens, remembers, figures out the best route, makes 
connections, alerts, reports, even corrects itself. If it detects 
trouble on the way, it files a report, then chooses other circuits 
and goes on to complete your call. All you are aware of is the 
end product—the completed call. 


Yet at Bell Telephone Laboratories, switching engineers 
see the present system as only a beginning. Ahead they see— 
and are developing—new systems vastly more flexible and 
capable than today’s. Nowhere in telephone technology is the 
challenge greater. Nowhere are dreams coming true faster. 


BELL TELEPHONE LABORATORIES 





WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


These Bell Telephone System directories 

list some of the 35,000,000 telephones now linked 
by the Direct Distance Dialing system 

developed at Bell Laboratories. In seconds, 

this unique machine sorts out and connects 

you with precisely the number you want. 
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CURRENT PROBLEMS IN RESEARCH 





Trends in Climatology 


The investigation of climates is moving from a 


descriptive science to a science grounded in physics. 


The aim of climatology is to abstract 
from the varied and rapidly changing 
weather phenomena the underlying pat- 
terns that characterize the atmospheric 
environment for regions of the earth and 
for the earth as a whole. In recent dec- 
ades climatology has gradually evolved 
from a purely descriptive science to a 
science that is grounded in physics. But 
climatology is not confined to the study 
of large-scale climatic events alone; it 
is also, for example, concerned with 
microclimates and with the influence of 
climatic factors on the life processes of 
plants and animals. The field is so broad 
that it is impossible to treat more than 
a limited number of topics in a single 
article; accordingly, I have selected cer- 
tain topics for discussion but at the same 
time have tried to present a general view 
of climatology. 


History 


The problems in this field are diffi- 
cult because of the many different in- 
gredients—in complex spatial and tem- 
poral interrelations—which make up a 
climate. The major factors affecting 
climate are the sun (the primary source 
of energy), the position of the earth in 
the solar system, and the inclination of 
the earth’s axis with respect to its orbit. 
That these are the most important fac- 





The author is director of the Office of Climatol- 
ogy, U.S. Weather Bureau, Washington, D.C. 
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tors in causing differences in climate was 
recognized even by some early Greek 
scientists, probably first by Eratosthenes. 
The Greeks defined climate according 
to the mean inclination of the sun’s rays 
with respect to the terrestrial horizontal. 
Thus temperature zones according to 
latitude were distinguished. This gave 
rise to an organization of climatic facts 
into a causally related scheme of tor- 
rid, temperate, and frigid zones, albeit 
somewhat anthropocentric in scope. 

Little was added to this concept for 
over 1800 years. But then, one by one, 
the complicating factors and their in- 
fluence became obvious. On a large scale, 
these were the distribution of land and 
ocean on earth and the existence of 
larger and smaller mountains. The local 
influences of lakes, forests, and vegeta- 
tion-covered and bare soil also became 
recognized. In the atmosphere itself one 
of the controlling factors is that béte- 
noire of the meteorologist, the water. Its 
presence in all states of aggregation— 
vapor, liquid, solid—often the three of 
them simultaneously, and quickly chang- 
ing from one to another, complicates 
matters immensely. Through evapora- 
tion and condensation, cloudiness and 
precipitation, it governs much of the 
climate, as is discussed more specifically 
later. 

Historically, significant advances in 
the study of climates were made after 
systematic measurements of atmospheric 
parameters began. Although such meas- 
urements started in some places in 


Europe in the 17th century, it was dur- 
ing the high surge of science in the sec- 
ond half of the 18th century that many 
learned men the world over became in- 
terested in the atmospheric environment. 
Physicians, astronomers, natural phi- 
losophers, and clergymen recorded the 
temperature, pressure, wind, precipita- 
tion, and weather conditions faithfully. 
There was considerable appreciation 
that knowledge about climate might be 
useful and broad speculation that cli- 
mate had a notable influence on health. 
This last was a notion which had an 
early antecedent in Greece, in the theo- 
ries of Hippocrates. Equipment and pro- 
cedures, though primitive in the begin- 
ning, became gradually standardized. 

The problem of standardization has 
remained with us for nearly two cen- 
turies because only with standardization 
can comparisons between simultaneous 
records at various localities or between 
earlier data and later readings become 
meaningful. Only in recent years has the 
World Meteorological Organization, one 
of the specialized agencies of the United 
Nations, shown a modicum of success in 
establishing uniform observation prac- 
tices in all countries. 

The interest in the atmospheric en- 
vironment in the outgoing 18th century 
was quite universal among the well-edu- 
cated. Thomas Jefferson (/) considered 
climatic observations important to “in- 
crease the progress of human knowl- 
edge.” From data collected at Williams- 
burg, Virginia, in the years 1772 to 
1777, he prepared one of the first cli- 
matic summaries for North America 
(Fig. 1). A cooperative venture of siz- 
able proportions was initiated by the 
Societas Meteorologica Palatina with 
the Prince Elector Karl Theodor of the 
Palatinate as sponsor. Uniformly cali- 
brated instruments and observing in- 
structions were distributed to 35 acade- 
mies and learned societies in the then 
readily accessible parts of the world. 
Data were collected and published in 
detail (2). These data became the raw 
material for the first comparative cli- 
matological studies. Twelve annual vol- 
umes appeared before this pioneering 
survey ceased in the turmoil of revolu- 
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ripe ial eat by Fae N. [NE] E. a BW W. [NW Total. 
January] 3.192] 383 to44 | 73| 47| 32! 10| 11| 78| 40\ 46| 387 
Feb. |2049| 41 47% | 61| 52| 24| 11| 4| 63| 30| 31| 276 
March. | 3.95] 48 543 | 49| 4a| 38| 28| 14| 83| 29| 33| 318 
April. | 3.68| 56 623 | 35| 44] 54| 19| 9| 58| 18| 20| 257 
May. |2871| 63 703 | 27| 36| 62| 23| 7| 74| 32| 20| 2a1 
June. [3.751] 712 78} | 22| 34| 43| 24| 13] 81| 25| 25| 267 
July. 4.497; 77 82) “4i| 44] 75| 15| 7| 95} 32/ 19| 328 
August.| 9.153] 76£ 81 | 43| 52| 40| 30| 9|103| 27| 30| 334 
Sept. | 4.761] 69 741 | 70] 60| 51| 18) 10) 81| 18| 37| 345 
Oct. | 3633) 61£ 66% | 52| 77| 64| 15| 6| 56| 23| 34] sa7 
Nov. 2.617) 473 53% “74| 21| 20| 14| 9| 63| 35| 58| 294 
Dec. |2.877| 43 483 | 64| 37| 18! 16).10| 91| 42| 56| 334 
Total. |47.038|8,A. M. 4 P. M611 |548 |521 (223 1109 |926 |351 |409 |3698 


















































Fig. 1. Climatic table for Williamsburg, Va.; from Thomas Jefferson (/). 


tions and wars of the outgoing 18th cen- 
tury. 

However, the pattern was set. From 
a few score stations, climatological net- 
works have been expanding. Including 
rainfall stations, there are presently prob- 
ably about 150,000 land locations from 
which some climatological information 
is available. The rapid rise in stations 
is well marked in the United States 
(Fig. 2). The desirable end is not in 
sight because station density goes hand 
in hand with population density and 
many areas are void of settlements. Only 
since the start of the International Geo- 
physical Year have we had systematic 
climatological information, for exam- 
ple, from the South Pole area. The un- 
even coverage of the land areas with 
observing posts is a handicap to climato- 
logical research. It is even worse over 
the oceans. There regular observations 
started in the 1850’s. One of the prin- 
cipal movers to obtain weather data 
from the seas was the U.S. naval lieu- 
tenant Matthew F. Maury. Millions of 
individual readings have been gathered 
in the weather archives since, but they 
are bunched on the shipping lanes. 
There are vast ocean areas which are 
hardly ever crossed by a ship. From the 
Arctic sea, ice data are also scarce. We 
have no systematic measurement of rain- 
fall over the ocean. Some data are ac- 
cumulating from Texas Towers offshore, 
but a climatological survey of the oceans, 
perhaps by regularly spaced, anchored, 
automatic weather floats, is still a dream 
for the future (3). 

Thus the climatologist is still strug- 
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gling with the question, “What is there?” 
For this reason the answers to the usual 
second question in science—Why is it 
so?—are woefully incomplete. 


Climatic Energetics 


At the basis of all quantitative consid- 
erations in climatology are the questions 
of energy balance. Presently this starts 
with the assumption that income from 
solar radiation and loss of heat by the 
earth are equal. The income from the 
sun (the so-called solar constant) is 
known to be about 2 calories per square 
centimeter per minute at the boundary 
of the atmosphere, at the mean distance 
between earth and sun, normal to the in- 
cident rays. This over-all value is prob- 
ably valid within 1 percent. However, in 
various spectral regions, especially in the 
short wavelengths, considerable fluctua- 
tions in intensity can occur. The total 
energy income and its spectral distri- 
bution are now amenable to direct meas- 
urements from satellites. This will be 
one of the most valuable contributions of 
these vehicles to climatology. Equally 
important will be: essentially extra-at- 
mospheric measurements of the earth’s 
albedo, that is, the portion of the in- 
coming energy directly lost to space by 
the planet through reflection from 
clouds, snow and ice surfaces (as pri- 
mary contributors to the loss), and from 
land and ocean surfaces (as secondary 
reflectors). The over-all albedo of the 
earth has been estimated at 35 percent, 
but this value might be off by several 


percent either way. There. are certainly 
considerable seasonal variations and, 
possibly, changes from year to year. 
Equally important for areal climates are 
the local values of albedo and the varia- 
tions in different landscapes and seasons. 
These values govern how much heat is 
absorbed and becomes available for at- 
mospheric energy transformations. 
Quite unknown are the storage factors. 
There is certainly the possibility that 
heat energy beyond the yearly cycle is 
stored in the ocean. It may then be re- 
leased again over a longer period of time, 
rather than be used immediately for 
driving the general circulation of the at- 
mosphere. Even though this question of 
heat storage is open, attempts have been 
made to estimate the heat balance of the 
earth and of smaller portions of its sur- 
face. Various approaches have been used, 
most of them indirect. Among the direct 
approaches are the measurements of in- 
coming and outgoing radiation to estab- 
lish locally the radiation balance. This 
has been done at too few places as yet 
to furnish significant information for the 
global picture. However, net-radiometers 
which measure and integrate the radia- 
tion balance from day to day are becom- 
ing more common equipment at observ- 
ing stations. The other components of 
the total heat budget—condensation- 
evaporation and advection—are difficult 
to observe directly. They are generally 
deduced from other climatic elements. 
The most comprehensive study in this 
connection has been carried on by Rus- 
sian inveStigators (4). For the earth as 
a whole, and on an annual basis, they 
obtained the following figures (all in 
kilocalories per square centimeter per 
year): total radiation received, 129; 
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Fig. 2. Number of climatic observing sta- 
tions in the United States and possessions, 
1842-1958. 
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Fig. 3. Mean westerly component of the wind in meters per second in vertical section through the atmosphere along the 80th meridian 
west, based on ten years of observations (38). Negative values indicate prevailing easterly winds. Left section shows values for January, 


right section for July. 


heat available for atmospheric transac- 
tions and motions after reflection and 
other direct losses, 68; lost by use in 
evaporation, 56; lost by turbulent trans- 
port, 12. The values for continents and 
oceans by individual latitudes are, of 
course, quite different from these means. 
The differences between the larger sub- 
divisions of the globe are the cause of 
the general atmospheric circulation and 
its local manifestations. They cause the 
trade winds, the westerlies, the mon- 
soons, and all the embedded eddies, such 
as ordinary cyclones and tropical storms. 
All of these currents, including the now 
famous atmospheric jet streams, are 
part of the energy-dissipating mecha- 
nism. 

As already stated, the role of water in 
the atmosphere is of fundamental im- 
portance. It enters actively into all heat 
balance considerations. In a limited way 
this is due to the infrared absorption 
spectrum of water vapor. But the pri- 
mary contribution comes about by evapo- 
ration (consuming heat) and condensa- 
tion or freezing (liberating heat). The 
vapor phase is a means of transporting 
latent heat from one place to another. 


Last but not least, water plays a passive 


role in heat transactions because, as 
clouds and surface snow or ice, it re- 
flects large amounts of incoming short- 
wave radiation from the sun, Next to air 
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temperature, it is also the element which 
has the greatest influence on plants, ani- 
mals, and human activities. In the form 
of rain or snow it governs water supplies; 
in the form of hail it causes crop dam- 
age. Its lack spells desert conditions or 
temporary drought for afflicted areas. 
Even as fine droplets in clouds or fog 
it affects life processes and recreation or 
traffic on land, sea, and in the air. 

The water cycle from the ocean 
through the air to rivers, streams, and 
underground storage in its relation to the 
general atmospheric circulation has be- 
come fairly well known in broad outline 
and is reflected on the climatic charts. 
But as a process of atmospheric ener- 
getics, understanding has barely begun. 
Considerable effort has been expended 
on the problem of evapotranspiration 
(9). This concerns the water losses from 
land surfaces. Evaporation from open 
water surfaces in terms of the atmos- 
pheric environment has at least yielded 
to émpirical approaches, but the water 
losses from bare and plant-covered soil 
can as yet be ascertained only in rough 
approximation, Locally it can be calcu- 
lated as a function of the heat flux and 
the turbulent transfer of mass. Such 
losses, together with the gains by rain- 
fall, can be entered into a bookkeeping 
system which indicates an approxima- 
tion of available soil moisture. This fac- 


tor is important in farm management 
and irrigation planning. The climatology 
of the moisture balance has become one 
of the most important factors in agricul- 
tural land utilization. It is likely to stay 
in the foreground of interest because of 
the world food problems engendered by 
population pressures. 

It is fortunate that theoretical schemes 
which underlie much of present-day pro- 
cedures for ascertaining the water cycle 
can now be supplemented by tracer tech- 
niques. These make use of isotope deter- 
minations. Both deuterium and tritium 
have recently beén employed for this 
purpose (6). Interesting new facts have 
been added to our knowledge by these 
procedures. For example, the storage 
time of water in yapor form in the air 
ranges, on an average, from 3 to 10 days. 
In the central Unjted States it also ap- 
pears that the storage time of water lost 
to the soil by percolation is of an order 
of magnitude of several years. More 
work needs to be done with these tech- 
niques. Also, a wide geographical cover- 
age is desirable. This new avenue of re- 
search will certainly supply quantitative 
answers to many of the questions related 
to atmospheric water transport. 

The foregoing problem is one among 
many that make it clear that solutions 
in climatology can no longer be looked 
for or found by reference to surface ob- 
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servations alone. Great strides have been 
made in the collection and summariza- 
tion of upper air data. These have found 
practical application in the planning for 
air routes and as basic design informa- 
tion for rockets. They have been used 
as guidelines for estimating radioactive 
fallout from various levels (7). They 
also give us better insight into the three- 
dimensional flow patterns of global air 
currents. Among them are the swift, 
meandering jet streams. The jet streams 
are a dynamic consequence of momen- 
tum transport into narrow zones of con- 
fluence of various air currents produced 
by the general circulation. The primary 
seat of these fast flows is in the upper 
troposphere, where they not infrequently 
exceed speeds of 200 miles per hour. 
The strongest jet streams are in the mid- 
dle latitudes, but there are less _pro- 
nounced and less steady currents of this 
type in the tropics and polar regions. It 
even appears that stratospheric jets are 


in existence. The main jet stream is quite 
noticeable even in atmospheric cross-sec- 
tions reflecting mean conditions (Fig. 3). 
The mean flow patterns are now reason- 
ably well known for the Northern Hemi- 
sphere, but in the Southern Hemisphere 
data are still too sparse for more than 
local climatological analysis (8). Also, 
the fluctuations of the jet streams in 
time and space are still targets of ex- 
ploration. As there are close associations 
between the jet stream and rainfall, 
studies of the more comprehensive data 
to be expected in the future will give 
better insight into the broad dynamics 
of global precipitation (9). 


Climatic Classification 


For several decades the problem of 
climatic classification has created lively 
More than a 


discussions. score of 


schemes for classifying climates have 


been proposed (1/0). None of them satis- 
fies all the requirements. The basic diffi- 
culty is inherent in the fact that there ex- 
ist hardly any sharp boundaries between 
climatic zones. Except at the crests of 
high mountains (Fig. 4) and at the coast 
lines, various climatic regimes gradually 
fade into each other. Also, the shifts of 
the general circulation of the atmos- 
phere from season to season and year to 
year bring fixed localities on the surface 
of the earth sometimes into one climatic 
zone and then into another. Hence a 
strict taxonomy which separates natural 
entities is not possible. All dividing lines 
are essentially arbitrary. This is the more 
the case when, as in most climatic classi- 
fications, the class criteria are based on 
mean values of climatic elements, A cli- 
matological mean value is often only a 
very poor representation of conditions. 
The width of variation of atmospheric 


elements harbors often decisive factors. : 


In addition, the choice of combination 





Fig. 4. Major mountains act as great climatic divides. Usually their windward and lee slopes have radically different climatic conditions. 


Orographic cloud formations such as those shown are frequently very spectacular. They offer a primary hope of increasing precipitation 
by suitable seeding techniques. [U.S. Weather Bureau, by F. Ellerman] 
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of elements represented in the classifica- 
tion is usually dictated by a specific ap- 
plication rather than by inherent proper- 
ties of the climate itself. 

For geographical purposes, climatic 
classifications often have the boundaries 
of types essentially governed by other 
entities, such as plant cover associated 
with (or perhaps caused by) a specific 
combination of climatic conditions. Even 
that will not yield an unambiguous an- 
swer, because several combinations of 
climatic factors may have the same end 
result. The classical climatic classifica- 
tion schemes, which essentially arranged 
their limits to coincide with the major 


plant provinces on earth, have didactic 
value. They help in visualizing the glo- 
bal distribution within a readily com- 
prehensible framework. 

In many climatic classifications only 
temperature and precipitation are con- 
sidered as climatic elements, Admittedly, 
these are most widely observed. They 
also generally affect human activities, 
particularly agriculture. However, there 
can be as many classifications with vari- 
ous combinations of elements as there 
are practical purposes. For air condi- 
tioning, one would choose suitable com- 
binations of temperature, humidity, and 
air motion as classification elements. In 


that case the class limits would be com- 
fort sensations. To classify airports or 
air routes in a climatic sense one has to 
consider the flying weather. The class 
limits are then determined by cloud 
ceilings, visibilities, turbulence, wind di- 
rections and speeds, and their respective 
joint frequencies. Essentially, one can 
arrive at a classification for every activ- 
ity influenced by climate. To illustrate 
this point further: Very recently a clas- 
sification has been devised for refractiv- 
ity of the atmosphere as it affects radio 
wave transmission (1/). This incorpo- 
rates the pertinent elements of pressure, 
temperature, and humidity and _ their 


Fig. 5. Climatic changes through the millenia are particularly notable in the arid and semiarid regions of the southwestern United States. 


At one time heavy rainfall and run-off helped in modeling outstanding features of the landscape such as those shown in the Grand Can- 
yon of the Colorado. [U.S. Weather Bureau, by Madison Gilbert] 
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Table 1. Notation for climatic typing. 
Mixtures of two types are indicated in 
parentheses, as (CA), (AE). A further 
symbol employed is the subscript e to 
designate extreme conditions. 


Feature 


Major circulation patterns 
(primary controls) 


Migrating cyclones Cc 
Quasi-stationary anticyclones A 
Equatorial convergence E 
Secondary or seasonal 
circulation features 
Typical monsoons S 
Predominant trade winds T 
Major surface influences 
Continental c 
Oceanic 0 
Mountain m 
windward slope mw 
lee slope ml 
Glaciated g 


normal vertical and seasonal variations. 

A purely qualitative scheme of cli- 
matic classification can be designed to 
avoid the multiplicity and the difficulty 
of fixed, yet arbitrary, numerical values. 
This classification stems from the broad 
meteorological aspects of climate and 
the basic factors of the general circula- 
tion. It is in line with attempts in recent 
years to get away from the static con- 
cept represented by mean values of cli- 
matic elements (12). After all, there is 
nothing fixed in the atmosphere, and 
even such abstractions from its unending 
motions as the climate should reflect the 


tion procedure then is nothing but a de- 
scriptive symbolism or shorthand nota- 
tion of major types. Table 1 shows such 
a notation system. In this notation the 
climate of western New York State 
would be designated as Cc, that of Ire- 
land as Co, and that of North Dakota 
as Cc,. The coast of California would 
be (CA)o; the Sahara, Ac,; Bermuda, 
Ao; and Oahu, ATo. The central Ama- 
zon valley would be labeled Ec and the 
Gilbert Islands Eo. Among the mountain 
climates, the Cascades have Cm, the 
Australian Great Dividing Range has 
Am, and the Mount Kenya area, Em. 
The various combinations of symbols 
cover all macroclimates. However, they 
do not reflect the local influences, usu- 
ally labeled meso- or microclimates, such 
as lake breezes, slope exposures, and 
vegetation conditions. 


Climatic Changes 


Another reason why classification, in 
fixed terms, is an ad hoc procedure, is 
inherent in the fluctuations of climate 
with respect to time. These climatic 
changes are among the most fascinating 
problems in climatology. Changes occur 
both in short and long intervals of time. 
The long intervals comprise geological 
epochs; the short ones, centuries and mil- 
lenia (Fig. 5). There is little point in 
talking about climatic changes or fluctu- 
ations when only a few years or decades 
are under consideration. Usually the 
fluctuations in such limited intervals are 
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Fig. 6. Time series of seasonal mean temperatures at Winthrop College, South Carolina, 
one of the climatic reference stations (lat. 34°57’N, long. 81°03’W, elevation 690 ft). 
Summer comprises the months June-August, 1900-57; winter, December-February, 1900- 
58. Data have been smoothed by a normal-curve smoothing function of length 20=5 
years. Values are plotted at the midpoint of the smoothing interval (39). Dashed lines 
show the general temperature trend of the region. 
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variations, if indeed they are not such 
variations. Any cyclical—or better rhyth- 
mical—elements in the same decadal 
intervals, if any, are masked by “noise.” 
There is some evidence of weak com- 
ponents of one half, one, two, and per- 
haps other multiples of the sunspot cycle 
in some series of climatic data, but their 
amplitude is small. Other rhythmical 
elements appear and then vanish again 
from climatic times series. 

For a great many practical purposes 
the values in a climatic time series can 
be treated on probability premises as if 
they had occurred by chance. This 
makes it possible to use climatic data 
from the past with considerable confi- 
dence for purposes of future planning. 
Various risks can be assessed for engi- 
neering construction and design as well 
as agricultural use. The list of such ap- 
plications is large and steadily growing. 
A few examples will suffice as illustra- 
tion. Many structures have to be built 
with knowledge of extreme weather 
events to insure adequate safety: the 
maximum wind for a tower, hangar, or 
bridge; the highest snow load for a roof; 
the heaviest rain intensities for culvert 
design. The probabilities of various lim- 
its can be estimated from the observa- 
tions by use of various extreme-value dis- 
tributions (13). For heating or air con- 
ditioning plant capacity, the knowledge 
of normal and extreme loads is also es- 
sential. These, too, can be efficiently 
estimated from the statistical properties 
of the past climatic record. Statistical 
functions, such as the incomplete gamma 
distribution, have been successfully ap- 
plied to weekly or monthly rainfall val- 
ues. This approach yielded valuable 
planning information for agricultural 
purposes (/4). Similar analyses for 
freeze dates have been of considerable 
practical value for crop practices. 

Even if we car safely assume that 
for plans not exceeding a few decades 
the past climatic record can be taken as 
a guide to the future, this does not im- 
ply the absence of trends. As more data 
accumulate the evidence for measurable 
climatic changes multiplies. For nearly 
half a century a gradual warming of the 
Northern Hemisphere has been noted. 
Were we to rely on temperature read- 
ings alone, the data for many areas could 
be challenged. To be sure, a rise of sev- 
eral degrees Fahrenheit can be noted in 
many temperature series since 1900. Un- 
fortunately, numerous weather observing 
stations have been shifted around, and 
their records are far from homogeneous. 
Moreover, many are in or near growing 
cities. Part of the rise of temperature 
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must be attributed to the large number 
of heat-producing factors of modern in- 
dustrial communities. These factors, to- 
gether with air pollution, have created a 
new man-made climate which has de- 
veloped in parallel with any natural cli- 
matic changes over the same time period. 
It is hard to apportion what part of the 
temperature rise has been artificial and 
what portion natural. This difficulty will 
be minimized in the future by establish- 
ment and maintenance of climatic sta- 
tions in isolated areas where man-made 
environmental changes will remain mini- 
mal. These will be called climatic refer- 
ence or “bench-mark” stations (/5). 
Fortunately, there exist now enough 
rural data and other evidence to give us 
some clues. For the moderate latitudes, 
30° to 50°N, in the area around the At- 
lantic, the natural rise can be estimated 
at about 2°F per century. At higher lati- 
tudes the value may be about twice that 
amount, The rise has been particularly 
pronounced in the winter season (Fig. 6). 

It is interesting to revert here for a 
moment to Jefferson’s climatic table of 
Williamsburg. Even though we know 


little about the circumstances under 
which the observations were made, com- 
parison with a recent time interval shows 
that no radical change of climate has 
taken place. Temperatures are now 
slightly higher than they were at the end 
of the 18th century. But it should be 
remembered that there was a marked 
temperature fall between the beginning 
and middle of the 19th century, which 
was followed by the rise of the 20th. 
Rainfall is still about the same. The 
winds seem to show now a few more 
southerly and less northerly components 
than in Jefferson’s day. 

The indirect evidence for the most 
recent warming in higher latitudes is, 
however, quite impressive. There are 
positive trends of sea surface-water tem- 
peratures in the North Atlantic of the 
same order of magnitude as the long- 
term air temperature changes (16). 
Also, retreats of glaciers (1/7), upward 
migration of snow lines, lengthening of 
the freeze-free season, northward migra- 
tion of animal species and plants (Fig. 
7), and phenological data all point in the 
same direction. There is little doubt that 


the past two or three decades, taken 
over-all, have been among the warmest 
in centuries. The question as to what 
may be the causes, immediately arises. 
First, let me state that periods of similar 
warmth have been noted in earlier his- 
torical times. Even warmer intervals 
have occurred since the last glaciation. 
The most widely held opinion ascribes 
the changes to variations in the solar 
radiation. Satisfactory proof for this re- 
lationship is still lacking (18). 

For the latest temperature change, 
there is an important contender as cause: 
atmospheric carbon dioxide. There are 
some interpretations of historical and 
current observations pointing toward a 
gradual increase of this atmospheric 
constituent (/9). The increased con- 
sumption of fossil fuels has brought very 
large quantities of carbon dioxide into 
the air. Isotope investigations attest to 
this fact. Carbon dioxide is an absorber 
of outgoing long-wave radiation, and 
hence has an influence similar to that 
of a glass cover. This phenomenon is 
therefore often referred to as the “green- 
house effect.” Only since the start of the 





Fig. 7. The recent warming of the arctic has been particularly notable at the edges of the forested regions both in North America and 
Eurasia. The tree line has been advancing gradually northward. In some areas which have been resurveyed, the forest has advanced 2 
miles northward over the last 30 years. [U.S. Weather Bureau] 
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International Geophysical Year have 
there been sufficiently widespread and 
accurate observations of atmospheric 
carbon dioxide to enable us to gain per- 
spective on this question. Local varia- 
tions and the uncertainties in the carbon 
dioxide balance between ocean and at- 
mosphere make interpretations difficult. 
For an answer on the role of carbon 
dioxide in atmospheric temperature 
trends, many more years of systematic 
observations will be necessary (20). 

Even if one accepts the thesis that 
atmospheric pollutants, such as dust and 
carbon dioxide, or terrestrially caused 
changes in atmospheric water vapor 
content could have an influence on the 
decadal or perhaps century-long trends, 
the main question still remains: What 
causes the large-scale epochal changes? 
Much thought has been given to this 
problem in recent years. New  tech- 
niques, such as oxygen isotope analysis 
of sea shells, have been applied to it 
(21). But basically no new answers have 
been obtained. 

If anything has happened, the ingeni- 
ous hypothesis of attributing major cli- 
matic changes to the periodic elements 
in the obliquity of the earth’s axis and 
in the eccentricity of its path (22) has 
lost its attractiveness. These path ele- 
ments of the planet seem to account for 
only minor changes (23). Some new 
ideas have cropped up. They link pole 
shifts, oceanic currents, the ice condi- 
tions of the North Polar Sea, and the 
land glaciations (24). There is, of 
course, a much underrated relation be- 
tween the oceanic heat (or cold) reser- 
voir and the climatic fluctuations on 
land. However no quantitative consider- 
ation has as yet demonstrated that these 
could account for the observed, and evi- 
dently recurring, phenomena of major 
ice epochs. They may perhaps be ade- 
quate to explain stages within these eras. 

Sooner or later most considerations 
get back to the question of changes in 
the solar radiation. Some astrophysicists 
contend that there are simply none of 
the magnitude required for major cli- 
matic (25). Others equally 
stoutly maintain that nuclear refueling 
processes on the sun actually call for 
periodic substantial changes in solar en- 
ergy output (26). A once favored idea 
that cosmic dust clouds might act as 
interceptors has not been refuted but no 
new supporting facts have been mar- 
shaled either. 


changes 


There is no unanimity about what the 
effects of changes in the solar radiation 
would be. Some contend that an increase 
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could lead to an ice age (27). The es- 
sential reasoning is that initially higher 
temperature and increased circulation 
would lead to more cloudiness and hence 
greater albedo values. It is, however, 
more logical to assume that increases in 
radiation cause warmer conditions, such 
as once prevailed in the Tertiary, and 
that decreases in radiation produce ice 
ages of the Pleistocene type. Both sides 
of this question are still being vigorously 
argued in current writings (28). 


Climatic “Control” 


Of late there has been a great deal of 
publicity about controlling the climate. 
The word control implies that you know 
what to do, and when and where to do 
it. Some of this talk about control can 
be ascribed to misinterpretation of di- 
mensions. Most of it glosses over the 
fact that for major climatic changes one 
would have to modify substantially the 
tremendous amount of solar energy re- 
ceived by the earth. We might note here 
in passing that the energy liberated from 
the total probable stores of fission and 
fusion bombs would not equal the energy 
of the average thunderstorm activity on 
earth over a few days’ time. Albedo 
changes can presently be envisaged only 
on a relatively small scale. Ocean cur- 
rents are hard to divert; mountains are 
difficult to move. And these remain the 
major terrestrial climatic controls. 

Conceivably one could throw enough 
dust into the stratosphere by nuclear 
explosions to intercept an appreciable 
amount of the solar radiation. This 
might, again conceivably, cause some 
changes of the general circulation. The 
effect would pass off in a few years—a 
short time as climatic spans go. Also, 
the effect would be general over the 
globe, with unpredictable effects as far 
as small land segments are concerned. 
It could hardly be called control. 

Some talk glibly about trigger effects, 
This means that a small amount of en- 
ergy can set off a much larger, latent 
energy store. But where is the “loaded 
gun” in the atmosphere? The nearest 
analogy is the latent heat of the water 
vapor. If condensed in spots it could 
add heat which could be transformed 
into other forms of energy. Tempera- 
tures might be raised, motions increased. 
Here, too, in spite of the sometimes ad- 
vocated spreading of hygroscopic nuclei, 
little in the form of “control” can be 
foreseen in the near future. There are 
also some latent electric energies avail- 





able in the atmosphere. These have 
hardly been explored yet. 

The trigger effects, the albedo effects, 
even the direct addition and subtrac- 
tion of energy, can now only be envis- 
aged for local modifications of climate. 
The microclimate is readily manipulated 
and much along this line has been ac- 
complished over the last few decades. 
This includes many of the horticultural 
practices from frost protection to shelter 
belts, from moisture-conserving mulch- 
ing to irrigation. On a somewhat larger 
scale, creation of artifical lakes, chang- 
ing of river courses, large-scale refor- 
estation, and artificial suppression of 
evaporation have small, but measurable 
climatic influences. Also along this line, 
slight local increases of orographic rain- 
fall by cloud seeding have been made 
probable (29). Cloud modification, if 
systematically carried on, by coalescence 
of droplets or by their dissipation, is 
among the potential producers of local 
climatic effects. There is theoretically a 
bare possibility of operating on the la- 
tent energies of severe storms and caus- 
ing measurable effects. Experimental 
evidence has yet to be obtained in this 
respect. If practical, it will have, at best, 
climatic influences on a meso-scale. In 
all these aspects, a little more humility 
in the face of the overwhelming powers 
of nature seems to be indicated for the 
present. 


Microclimatology and Bioclimatology 


It has long been known that in the 
layers close to the ground, climatic con- 
ditions of wide variety can exist in close 
proximity (30). These conditions are 
often quite different from the general, 
or macro, climate of the region. Because 
they are often confined to small spaces 
they have been labeled microclimates, 
The term is, however, loosely used in 
the literature. Some authors restrict it 
to indicate climatic differences on the 
smallest scale only. This might show the 
comparison of the climate of a furrow 
compared to that of level soil, or the 
climate on the windward versus the lee 
side of a small hill or hedge. It might 
show the climatic difference between a 
forest and bare soil in the same area. 
Generally, however, climatic differentia- 
tion of somewhat larger scale is usually 
included in a discussion of microclima- 
tology. In this broader sense the scope 
of this field includes the contrasts of val- 
ley, slope, and crest climates in a hilly 
terrain, or it pertains to the climates of 
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a settlement, town, or city as distinct 
from the surroundings, undisturbed by 
human activity. 

The microclimatic differences are 
often startling. They develop primarily 
under conditions of clear sky and little 
wind, but some still exist with clouds, 
wind, and rainfall. Human interference, 
as can be seen from the foregoing, is 
important in creating and destroying 
microclimates (3/1). Manipulation of 
microclimates is, or should be, an im- 
portant adjunct to planning land utili- 
zation, agricultural management, archi- 
tecture, and urban development. In this 
connection, it may be interesting to cite 
a few figures on the major climatic dif- 
ferences between cities and their sur- 
roundings (Table 2). 

In many instances air pollution accu- 
mulations are direct consequences of mi- 
croclimatic settings. Topography, source 
of pollution, and general climatic condi- 
tions combine in patterns which become 
a typical element of local climate. It is 
feasible to estimate the pollution hazards 
of an area from climatic records and the 
terrain features, if sources of contami- 
nation come into being. 

Microclimatic principles are among 
the best established in climatology. The 
facts are usually the most readily amen- 
able to observation. Advanced instru- 
mentation is available (32). Quantita- 
tive theories that begin to explain the 
observed facts are in a better state than 
those of general climatology. Last but 
not least, experimentation with test 
plots, not too far removed from labora- 
tory conditions, is feasible and is being 
carried on. 

The microclimatic conditions play an 
important role in life processes. Some of 
these influences operate on the smallest 
scale. Bacterial, fungal, and insect life 
in plant cover are governed to a con- 
siderable extent by prevalent tempera- 
ture and moisture conditions. Presence 
or absence of dew on leaves may deter- 
mine infestations of plant pests. The mi- 
croclimate in a high stand of grass, for 
example, may prevent extremes of heat 
and cold and thus enable survival of 
certain insects in otherwise lethal con- 
ditions. Intricate relations between cli- 
mate, plant life, and low forms of ani- 
mal life exist, but much remains to be 
learned about the microecological com- 
plex. 

A mixture of both macro- and mi- 
croclimatological influences operate on 
plants. These effects have been the target 
of a great many investigations because 
of their importance in crop ecology. In 
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Table 2. Climatic changes produced by 
cities (40). 





Comparison with 





Element . 
rural environment 

Dust and 

pollution 10 to 25 times more 
Radiation 15 to 20 percent less 
Clouds 5 to 10 percent more 
Precipitation 5 to 10 percent more 
Temperature 

(average ) 1 to 2°F more 
Relative humidity 3 to 10 percent less 
Windspeed 


20 to 30-percent less 





its simplest aspects, photosynthesis is, of 
course, a direct function of sunlight, and 
hence is subjected to the climatic varia- 
tions of this element. But this is where 
simplicity ends in the plant-climate re- 
lation. The effect of temperature is fairly 
well understood, but when it comes to 
water use, the problems become really 
involved. In the higher plants, light, 
heat, and water interact in a nonlinear 
fashion. At various stages of develop- 
ment the requirements of the plant for 
optimal conditions change, and the in- 
terplay of climatic factors subtly shifts 
(33). 

Although a modicum of order for the 
atmospheric environment can be ob- 
tained for plants growing in phytotrons, 
under field conditions it is hard to ascer- 
tain the role of each climatic influence. 
The only exceptions are singular, lethal 
events, such as a hard freeze or absolute 
drought. In their absence one has to 
ascertain the complex effect of all cli- 
matic elements on the development of 
the plant. The use of statistical tech- 
niques with multiple regressions is of 
some help. More commonly, investiga- 
tors have tried to condense the complex 
climatic factors into single influence 
indices. This is helped somewhat by the 
fact that there exist fairly high correla- 
tions between some of the climatic ele- 
ments. Thus temperature is correlated 
with sunshine, and water depletion is, to 
a function of saturation 
deficit and wind. These, in turn, vary 


some extent, 


not entirely independently of tempera- 
ture and sunshine. Among the influence 
indices which have been used with some 
success are the (i) soil temperature at 
shallow depth; (ii) evaporation (from 
porous bodies or open water surfaces) ; 
(iii) heat sums (expressed in terms of 
temperature excess above a given thresh- 
old); (iv) potential evapotranspiration. 
The first two are directly measurable; 
the other two can be derived from sim- 
ple climatic observations. These influ- 


ence indices substitute, even if in an 
incomplete fashion, for radiation, soil 
moisture depletion, and : transpiration 
from plants. They can be used as cor- 
relatives for various stages of phenolog- 
ical developments of plants (34). 

Similarly complex are the climatic in- 
fluences on the human and animal bod- 
ies (35). In the healthy organism we deal 
with problems of acclimatization. Some 
phases are well understood. As an ex- 
ample, we can cite the reactions of the 
human skin to ultraviolet solar radia- 
tion. Another one is the adaptation tc 
reduced oxygen tension in the atmos- 
phere, resulting in increased red blood 
corpuscles and thoracic capacity. Con- 
siderable evidence has also been ad- 
vanced that the primary differentiation 
of races was caused by climatic condi- 
tions (36). 

The influence of climate on patho- 
logical states is not well known. We find 
ourselves in a vast realm of speculation. 
Are there climates beneficial to older 
persons? Opinion leans toward an af- 
firmative answer, specifying as optimal 
a “mild climate,” without extremes of 
temperature and with a minimum of 
change. Are climates with low relative 
humidities beneficial to sufferers from 
sinus disease? Again, a poorly docu- 
mented “yes” sums up the present level 
of knowledge, or better, ignorance. 

Seasonal incidence of certain infec- 
tious diseases, or geographical distribu- 
tion of endemic plagues, points toward 
a climatic causative factor. However, it 
is not known whether the influence is 
on the receptiveness of the human or- 
ganism, on the pathogen, or on the vari- 
ous disease-carrying vectors. Equally iil- 
established is the role of climate in the 
air-borne allergies. 


Outlook 


Let me indulge now in speculating a 
little where we will go from here in cli- 
matological research. It is ‘certain that 
the vast stores of accumulated climatic 
observations will be tapped for their 
concealed information by use of modern 
electronic methods of data processing. 
The phases of this work applied to vari- 
ous branches of engineering will flourish. 
Similarly, much progress can be ex- 
pected in establishing the true climate 
of the upper air. From this will be de- 
rived dynamic parameters of the gen- 
eral atmospheric circulation which will 
define local and areal climates, Hand in 
hand with this will go research on en- 
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ergy transactions that determine climatic 
regimes (37). As a first step, a compre- 
hensive radiation climatology of the 
globe is needed. 

Better information on extraterrestrial 
fluctuations of radiation and deeper un- 
derstanding of the atmosphere-ocean re- 
lations will throw new light on the prob- 
lem of climatic trends. The tedious 
analysis of geological evidence is likely 
to leave the problem of ice ages in the 
state of working hypotheses. 

The greatest advances of climatology 
are destined to lie in the border field of 
biology, provided an adequate coopera- 
tive research program is started. The in- 
teractions between the physical changes 
in the atmosphere and living organisms 
are too great a challenge to scientific 
curiosity to remain in a relatively un- 
explored state. We have already pointed 
to the special problems of agroclimatol- 
ogy, a solution to which population in- 
crease will demand. Similarly, the role 
of climate in gerontology and various 
pathological states begs for quantitative 
studies. 

It is further certain that some experi- 
mentation with artificial alteration will 
take place. One can only hope that the 
long-range view will prevail and _ that 
the experiments will be carefully de- 
signed with a view toward physical and 
statistical validation. This is a large pro- 
gram which probably will take years and 
permit of few short cuts. Man may not 
become master of his climatic environ- 
ment, but the next decades at least 


promise that he will be able to under- 
stand it much better than in the past. 
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Pavlov and Lamarck 


The great Russian scientist once reported experiments in 
support of Lamarck. Were his final views Lamarckian? 


Recently Nathaniel Kleitman wrote 
me: “For quite some time I have been 
trying to ascertain if Pavlov ever re- 
tracted the statement made in 1923, at 
the International Physiological Congress 


758 


Gregory Razran 


at Edinburgh, and elsewhere, that suc- 
cessive generations of rats acquired con- 
ditioned reflexes with progressively less 
training. In his review of J. P. Pavlov: 
Selected Works, that appeared in Con- 


21. C. Emiliani, Science 125, 383 (1957). 

22. M. Milankovitch, “Kanon der Erdbestrah- 
lung,” Veréffentl. Serb. Akad. Wiss. Belgrade 
42, 1 (1941). 

23. E. J. Opik, Irish Astron. J. 2, 71 (1952). 

24. M. Ewing and W. L. Donn, Science 123, 1061 
(1956) ; 127, 1159 (1958). 

25. G. P. Kuiper, The Solar System, vol. 1, The 
Sun (Univ. of Chicago Press, Chicago, IIl., 
1953). 

26. E. J. Opik, “A climatological and astronomi- 
cal interpretation of the ice ages and of past 
variations of terrestrial climate,’”? Armagh Ob- 
servatory Contrib. No. 9 (1953). 

27. G. C. Simpson, Quart. J. Roy. Meteorol. Soc. 
83, 459 (1957). 

28. I. I. Schell, “On the origin and nature of 
changes in climate” (unpublished manuscript, 
Tufts University Meteorological Studies, Ref. 
No. 58-1, 1958). 

29. Advisory Committee on Weather Control, 
Final Rept., vols. 1 and 3 (Government Print- 
ing Office, Washington, D.C., 1957). 

30. R. Geiger, The Climate near the Ground 
(Harvard Univ. Press, Cambridge, Mass., 
1957). 

31. C. W. Thornthwaite, “Modification of rural 
microclimates,” in Man’s Role in Changing 
the Face of the Earth (Univ. of Chicago 
Press, Chicago, 1956), pp. 567—583. 

32. H. H. Lettau and B. Davidson, Eds., Explor- 
ing the Atmosphere’s First Mile, vols. 1 and 
2 (Pergamon Press, New York, 1957). 

33. F. W. Went, Am. Scientist 44, 378 (1956). 

34. M. Y, Nuttonson, ‘“Wheat-climate relation- 
ships and the use of phenology in ascertaining 
the thermal and photo-thermal requirements 
of wheat” (American Institute of Crop Ecol- 
ogy, 1955); J. Y. Wang, “Weather and can- 
ning crops,’ lecture at the Raw Products 
Conference, Wisconsin Canners, Madison 
(1958) . 

35. F. Sargent and R. G. Stone, Eds., “Recent 
studies in bioclimatology,” Meteorol. Mono- 
graphs 2, No. 8 (1954). 

36. C. S. Coon, “Climate and race,” in Climatic 
Change (18, pp. 13-34). 

37. M. Ye. Shvets, A. J. Voyeykou i Sovremennyye 
Problemy Klimatologii (Leningrad, 1956), pp. 
205-225. 

38. Data for this diagram were analyzed by my 
collaborator, Mr. B. Ratner, whose help is 
gratefully acknowledged. 

39, Analysis from original data for this graph 
was done by my collaborator, Mr. J. Murray 
Mitchell, Jr., whose assistance is acknowledged 
with appreciation. 

40. H. E. Landsberg, “The climate of towns,” in 
Man’s Role in Changing the Face of the Earth 
(Univ. of Chicago Press, Chicago, Ill., 1956), 
pp. 584-606. 


temporary Psychology, Vol. II, p. 274, 
Gantt stated that Pavlov ‘rescinded this 
statement about heredity when he had 
more critically surveyed the original ex- 
periments . . .” However, when queried 
by me on this subject, Gantt said: ‘I 
have no reference to a retraction in 
print, although there may be one.’ ” 
Analogous questions have been di- 
rected at me, from time to time, at 
meetings and in letters, by a number 
of American scientists, and once by a 
member of the State Department. Con- 
sideration of the evidence on this mat- 
ter in its entirety and, for convenience, 
in chronological sequence, may thus be 
worth while, particularly since Soviet 
theorists have for some years been pro- 
claiming Pavlov the true and renowned 
backer of scientific Lamarckianism or, 
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in their own words, “creative Soviet 
Darwinism, the true and _ progressive 
doctrine of creative evolution of life and 
mind.” Let us look at the evidence. 


First Mention 


Pavlov posited for the first time the 
possibility of the inheritance of acquired 
conditioning in 1913, in an address be- 
fore the Ninth International Congress of 
Physiologists at Gréningen, and then 
again in 1914, in an address prepared 
for an International Congress of Psy- 
chiatrists, Neurologists, and Psycholo- 
gists in Switzerland, which was canceled 
on account of the war. The exact state- 
ment in 1913 was: “It may be assumed 
that some of the conditioned newly 
formed reflexes eventually become trans- 
formed into unconditioned ones through 
heredity” (1). The 1914 statement, more 
positive and specific, read: “It is highly 
probable (and there are to this effect 
some factual indications) that, when the 
same conditions of life are maintained 
in series of successive generations, newly 
formed [conditioned] reflexes uninter- 
ruptedly [in Russian, neprerivno] become 
constant [unconditioned] reflexes” (2, 
vol. 3, p. 222; 3). No mention whatso- 
ever was made of the problem in any 


of Pavlov’s subsequent writings before 
1923. 


Edinburgh Inheritance Report 


In 1923 came to light what since has 
often been called “The Edinburgh In- 
heritance Report.” Pavlov came to the 
United States in the summer of 1923 
and delivered one address on 5 July at 
the University of Chicago and another 
on 7 July at the Battle Creek Sani- 
tarium. Then he proceeded to Edin- 
burgh (after his wallet containing $2000, 
was stolen from him at Grand Central 
Station in New York) to address the 
11th International Congress of Physiolo- 
gists (¢). The Edinburgh address, iden- 
tical with the one given at Chicago, was 
published in the transactions of the con- 
gress in the 1923 Supplement Volume 
of the Quarterly Journal of Experimen- 
tal Physiology (pp. 39-43); the Chicago 
address had appeared earlier in The Sci- 
entific Monthly [17, 603-608 (1923)]. 
The Battle Creek address, somewhat 
shorter than the Chicago—Edinburgh one, 
was published in the Bulletin of the Bat- 
tle Creek Sanitarium (5) and in Science 
(6). Both addresses contain the inheri- 


3 OCTOBER 1958 


tance report, though the version in the 
Battle Creek address is the longer of the 
two. It reads (note that in neither is the 
inheritance section the main theme and 
that in both it is really only a small, but 
striking, aside) : 

“The latest experiments (which are 
not yet finished) show that the condi- 
tioned reflexes, i.e. the highest nervous 
activity, are inherited. At present some 
experiments on white mice have been 
completed. Conditioned reflexes to elec- 
tric bells are formed, so that the animals 
are trained to run to their feeding place 
on the ringing of the bell. The follow- 
ing results have been obtained: 

“The first generation of white mice 
required 300 lessons. Three hundred 
times was it necessary to combine the 
feeding of the mice with the ringing of 
the bell in order to accustom them to 
run to the feeding place on hearing the 
bell ring. The second generation re- 
quired, for the same result, only 100 
lessons. The third generation learned to 
do it after 30 lessons. The fourth gen- 
eration required only 10 lessons. The 
last generation which I saw before leav- 
ing Petrograd learned the lesson after 5 
repetitions, The sixth generation will be 
tested after my return. I think it very 
probable that after some time a new 
generation of mice will run to the feed- 
ing place on hearing the bell with no 
previous lesson. 

“Tt is well known that a chicken when 
it just comes from the egg immediately 
begins to pick up any black spot on the 
floor, trying to find some grain, thus 
showing that it has an inborn reflex 
from the eye to food reaction. Why 
should we not build up the same reac- 
tion, not from the eye but from the ear 
as indicated in the case of the white 
mice?” (5, p. 4; 6, p. 361). 

T. H. Morgan quoted the first two of 
the aforementioned paragraphs in his 
Evolution and Genetics (1925) with the 
following comment: “There was some 
consternation in 1923 when the great 
Russian physiologist, Pawlow, reported 
the results of experiments that go far 
beyond what most Lamarckians have 
dared hope. Pawlow’s conclusions—and 
as yet we have only his conclusions—are 
very surprising” (p. 157). 


Conditioned Reflexes 


In 1927, Conditioned Reflexes, consist- 
ing of a series of lectures delivered by 
Pavlov at the Petrograd Military Medical 
Academy, was published in Russian, and 


was immediately translated into English 
by C. V. Anrep, Pavlov writing a special 
preface to the English edition (7). And 
here on page 385 we find a footnote per- 
taining to the sentence, “Such criteria 
[characteristics of types of nervous sys- 
tems] when perfected should greatly as- 
sist the development of a strictly scien- 
tific experimental investigation of the 
hereditary transmission of different as- 
pects of the nervous activities of ani- 
mals,” which reads: 

“Experiments which have been com- 
municated briefly at the Edinburgh 
International Congress of Physiology 
(1923) upon hereditary facilitation of the 
development of some conditioned re- 
flexes in mice have been found to be 
very complicated, uncertain and more- 
over extremely difficult to control. They 
are at present being subjected to fur- 
ther investigation under more stringent 
conditions. At present the question of 
hereditary transmission of conditioned 
reflexes and of the hereditary facilita- 
tion of their acquirement must be left 
entirely open” (7, p. 385). 


Editions of the “Twenty Years” 


Neither the Edinburgh—Chicago nor 
the Battle Creek address was included, 
during Pavlov’s lifetime, in any of the 
six editions of his Twenty Years of Ob- 
jective Study of the Higher Nervous Ac- 
tivity (Behavior) of Animals (known 
better in English as Lectures on Condi- 
tioned Reflexes). The six editions of the 
Twenty Years—so named because the 
first edition was published in 1923, 
twenty years after the beginning of con- 
ditioning experimentation—are in all re- 
spects complete collections of Pavlov’s 
formal addresses and articles on condi- 
tioning, each edition supplementing the 
one preceding (dates of editions: 1923, 
1924, 1925, 1928, 1932, and 1938), and 
the last edition containing a preface by 
Pavlov written about one month before 
his death. Likewise, there As the striking 
fact that the topic is nowhere mentioned 
in any of the five published volumes of 
Pavlov’s Wednesday Seminars, suppos- 
edly the repositories of everything in- 
formal that Pavlov had said about con- 
ditioning in the 1930's. 


Complete Works 


The Battle Creek address first ap- 
peared in Russian, with a reference to 
Science, in 1949, in the fifth volume of 
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the first edition of Pavlov’s Complete 
Works (2, vol. 5, pp. 309-312) and again 
in the second part of the third volume 
of the second edition of the Works 
(1951, pp. 428-432). And it was only 
then, at the height of Lysenkoism, that 
Soviet experts on Pavlov—as well as 
those not so expert—began beating the 
drum loudly and repeatedly in exulta- 
tion over the alignment of Pavlov’s views 
and proofs with those of Michurin and 
Lysenko (the sounds of the drums have 
weakened considerably in the last two 
or three years, but, as noted in the afore- 
mentioned review by Gantt, they have 
by no means been wholly silenced). The 
writings of Y. P. Frolov, a conditioning 
experimenter and Pavlov popularizer of 
no mean magnitude, are a particularly 
appropriate example of this Soviet inter- 
play of Zeitgeist and scholarship. In 
Frolov’s 291-page Pavlov and His Work, 
published in 1937 (translated into Eng- 
lish), there is not a word about Pavlov 
and heredity. But in Frolov’s 78-page 
pamphlet The Great Physiologist, I. P. 
Pavlov, published in 1950, a whole sec- 
tion on “Higher nervous activity and 
creative Darwinism” appears, and Pav- 
lov is quoted to have said: 

“For if no one may affect your sub- 
stance, your gene, Mr. [(8)] Morgan, 
then all that is left for us to do is to 
merely observe nature, nothing else. 
What we have then is not a laboratory 
but a prayer house. But what we wish 
to do is to actively interpose in [the 
workings of] nature. And this we will 





do, Mr. Morgan, your disapproval not- 
withstanding” (p. 70). 

And in the second (1952) edition of 
the pamphlet there is an additional final 
phrase ‘ . and we will produce the 
facts to prove our claims.” 


Oral Comments 


The quotation from Gantt given in 
Kleitman’s letter contains also the sen- 
tence: “Pavlov remarked to me that one 
of the biggest scientific errors of his life 
was his assertion that acquired habits 
could not be inherited.” And to this I 
would like to add that, while spending 
a summer afternoon with Pavlov in 1934, 
I asked him specifically what his present 
views on the problem were. His answer 
was a shoulder shrug coupled with the 
sound of a typical Russian “Ekh” which 
to me meant “Don’t ask,” and I pre- 
ferred not to pursue the question, 


Conclusion 


Though there is no evidence that I. 


P. Pavlov ever formally renounced 


Lamarcks’ doctrine as such (only a per- 
sonal statement to Gantt and my own 
“Ekh” impression), Pavlov certainly re- 
tracted specifically the positive results of 
his experiment—and the fact that he 
never repeated the experiment, as in- 
tended, and shunned any discussion of 
the topic, may well be construed as evi- 


News of Science 


Traveling Science Library 


This year the American Association 
for the Advancement of Science and the 
National Science Foundation, coopera- 
tively with book publishers of the United 
States, will provide about 1400 of the 
nation’s senior high schools with 350 
“circulating libraries,” each consisting of 
200 carefully selected science books. 
The AAAS Traveling High School Sci- 
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ence Library Program is being supported 
for the fourth year by an NSF grant. 
The current award, announced today, 
amounts to $500,000. 

During its first year of operation the 
Traveling Science Library circulated 11 
sets of 150 books among 66 senior high 
schools, Last year demand was so great 
that the AAAS could honor only a frac- 
tion of the applications it received. The 
new NSF grant makes possible the cur- 


dence that he did not expect positive 
results to be obtained. Soviet theorists’ 
wholesale alignment of Pavlov with 
Lamarck, Michurin, and Lysenko is thus 
a gross misrepresentation of a great and 
careful. experimenter and of a critical 
and discriminating discoverer and blazer 
of new truth and evidence. Let us hope 
that this practice of subserving exact 
science to social dogma is on the wane. 
There is some reason to believe that 
it is. 
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rent expansion of the program. The li- 
brary will go to schools in all 48 states, 
Alaska, the Canal Zone, Hawaii, and 
Puerto Rico. Fifty books will be sent at 
a time, with an exchange approximately 
every 2 months, so that each school will 
have use of a complete set during the 
year. 

Evaluation studies made by the AAAS 
disclose that on the average only 5 per- 
cent of books in most high-school libra- 
ries concern science and mathematics. 
The studies also indicate that the travel- 
ing libraries provide an effective incen- 
tive for participating schools to take 
action to satisfy, in varying degree, the 
appetite for science reading stimulated 
by the AAAS books. Publishers, almost 
without exception, have provided the 
books at cost. 

Objectives of the Traveling High 
School Science Library Program are as 
follows: 

1) To develop in high school students 
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an interest in reading general books 
about science and mathematics, other 
than textbooks. 

2) To provide, on an experimental 
basis, a collection of carefully chosen 
books as a basis for developing the read- 
ing interests. 

3) Stimulate an interest in choosing a 
career in science. 

4) Offer science teachers an oppor- 
tunity to broaden their subject-matter 
knowledge and encourage them to stimu- 
late collateral reading on the part of 
their students. 

In addition to the 350 sets of books 
that are a part of the regular program, 
this year an additional seven sets are 
being lent to the Department of the 
Army for circulation among the 20 
senior high schools that are operated in 
France, Germany, Italy, and Okinawa 
for the children of United States citizens 
serving overseas. Furthermore, four sets 
will be lent to county library systems for 
circulation in bookmobiles as an experi- 
ment on the appeal of science books to 
adults and students in rural areas where 
high schools are too small to participate 
in the program. 

To facilitate use of the books, the 
AAAS has each year published an anno- 
tated catalog, Books of the Traveling 
High School Science Library, popular 
not only with high-school librarians and 
teachers but also with community and 
university librarians and the general 
public. Demand has increased each year, 
from 3000 copies in 1955-56 to 22,000 
copies in 1957-58, 

The AAAS hopes to publish before 
year-end A Comprehensive List of Sci- 
ence and Mathematics Books for Sec- 
ondary School and Community Libraries. 
Book publishers of the nation have sent 
to the AAAS free of charge copies of 
all books on the preliminary list of 1000 
books. These are being evaluated by rep- 
resentatives of AAAS-member scientific 
and professional organizations. 

To encourage young people to read 
science and mathematics books and to 
call their attention to the many good 
books available in paperbound editions, 
the AAAS published as an experiment 
in September 1957 a list of these paper- 
backs entitled “An Inexpensive Science 
Library, with a first printing of 12,000 
copies. The list proved so popular that 
the first printing was exhausted by De- 
cember 1957 and an additional 10,000 
were printed; these were all distributed 
by April 1958. A new and enlarged edi- 
tion has been published. 


FAS Urges Halt to Test Series 


The Federation of American Scien- 
tists Executive Committee has addressed 
an open letter to the President urging 
him to halt the new series of ten nuclear 
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tests scheduled to take place in Nevada, 
just before the test-ban negotiations be- 
gin with the U.S.S.R. on 31 October. 
The letter reads in part: 

“We were . . . encouraged by the re- 
cent agreement between nuclear experts 
of the East and West on the technical 
feasibility of policing a nuclear test ban, 
followed by your Aug. 22nd proposal to 
halt nuclear testing for a one year 
period, providing the Russians continue 
to abstain from testing for the same 
period and agree to start discussions Oc- 
tober 31. 

“Barely a week later, on Aug. 29, the 
climate of encouragement engendered 
by your statement was unfortunately dis- 
pelled by the startling Pentagon-A.E.C. 
announcement that the US would carry 
out a new series of ten tests in Nevada 
just before the Oct. 31 deadline on the 
very eve of the vital negotiations. In the 
eyes of the world, this announcement 
casts considerable doubt on our sincerity 
in desiring a workable test ban agree- 
ment. 

“The Federation of American Scien- 
tists urges you, Mr. President, to stop 
the proposed Nevada test series. Such 
action on your part would emphasize our 
earnest desire that an agreement be 
reached to halt nuclear weapons testing 
as a first step towards disarmament and 
world peace. Even if extensive prepara- 
tions have been made and important in- 
formation will be gained from these tests, 
the adverse propaganda effect must be 
seriously considered. A declaration on 
your part that these tests will not be 
held would reestablish our high purposes 
in the eyes of the world and insure all 
concerned of our true desire to take steps 
aimed at achieving a stable peace.” 


National Science Youth Month 


October has been designated National 
Science Youth Month by the President’s 
Committee on Scientists and Engineers. 
During the month, many national or- 
ganizations, including the AAAS, are 
taking an active part in stimulating the 
interest of high school students through- 
out the country in scientific studies. A 
science youth organizations working 
group appointed by the President’s Com- 
mittee is leading the activities for the 
Month, with Science Service, Washing- 
ton, (D.C.) as the coordinating agency. 

During October, science teachers are 
being asked to start science projects to 
be carried out during the school term. 
Other suggested activities include: PTA, 
professional and civic meetings in Octo- 
ber devoted to science subjects; science 
fairs; affiliation of local science clubs 
with Science Clubs of America; registra- 
tion by school principals for qualifying 
tests for National Merit scholarships and 
for Science Talent Search examinations; 


student assemblies featuring scientific or 
technological speakers; personal contacts 
between scientists, engineers, and stu- 
dents through “project nights” devoted 
to work on science-fair projects, or 
through “career sessions” when engineers 
and scientists discuss career opportuni- 
ties and interesting experiences in their 
fields. 

A poster-calendar for science class- 
rooms and school bulletin boards pro- 
vides a check-list of important dates and 
actions to be carried out during Science 
Youth Month. The poster has been dis- 
tributed to the nation’s 25,000 science 
teachers. (Additional single copies can 
be obtained from the President’s Com- 
mittee on Scientists and Engineers, 
Washington 25, D.C.) 


Reading Machine for the Blind 


Development of a new device with 
which the blind can read ordinary 
printed material, such as books and 
magazines, was reported recently by the 
Veterans Administration. The portable 
unit, called an “aural reading machine,” 
was designed and is being evaluated by 
the Battelle Memorial Institute of Co- 
lumbus, Ohio, under a VA contract. 

At the present stage of development 
of the reader, the sounds it produces do 
not resemble those of speech but are pat- 
terns of musical tones similar to chords 
played on an organ. By interpreting these 
tones, trained users ultimately should at- 
tain a reading speed of from 15 to 30 
words per minute. Advantage of the 
machine over Braille is that the blind 
user can read material in normal print, 
including typewritten business correspon- 
dence. 

The reader is about the size and shape 
of a portable radio. Weighing about 9 
pounds and housed in a wooden case 
measuring about 7 by 9 by 8 inches, it 
has knobs for volume, light intensity, 
and the electric power switch. 

The machine has three essential parts 
—a small probe which is held in the 
hand and moved over the printed ma- 
terial to be read, a chassis containing 
transistorized oscillators and an ampli- 
fier, and earphones through which the 
user listens. 

The probe contains two tiny lights and 
a lens that projects an image of the 
printed letter upon a row of photocells. 
Each photocell, when it “sees” black, 
turns on an oscillator in the chassis that 
generates a specific pitch proportional 
to the height of the black portion of the 
letter “seen.” These pitches are trans- 
lated to sound patterns by the earphones. 

Blind persons, chiefly students and 
faculty members from the Ohio State 
School for the Blind at Columbus, have 
been trained to interpret sounds of the 
Battelle machine during the past year. 
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Each student in the participating group 
received about 18 hours of instruction on 
the device, following preliminary train- 
ing in interpreting tape-recorded sounds 
of the machine. 

Recognition of the tape-recorded 
sound patterns corresponding to 145 dif- 
ferent sentences was learned fairly read- 
ily, but the complex operation of manu- 
ally rolling the probe along the line of 
print while interpreting the tone patterns 
will require considerable further prac- 
tice before routine use. Only five proto- 
type models of the reader have been 
made, and further development of both 
the device and training methods will be 
required before quantity production is 
advisable. 


Middle East Population 


The Population Reference Bureau, 
Washington, D.C., reports that the pop- 
ulation of the Middle East is growing by 
4 million people a year (equivalent to 
the population of Chicago). Any plan 
to raise the standard of living in the 
Middle East, such as that suggested by 
President Eisenhower, will have little 
effect unless the population growth can 
be brought under control. The President 
recently laid before the United Nations 
a proposal for a regional Arab develop- 
ment institute that would provide for 
improved health, education, irrigation, 
and so forth. The Population Reference 
Bureau points out that the area’s 95.7 
million people have increased by 15 per- 
cent in 5 years. The rate of growth, in 
an area already heavily crowded in terms 
of habitable land, is exceeded only by 
that of Tropical South America. 

The bureau lists these problems in the 
Middle Eastern population situation: 
large stretches of barren land; a falling 
death rate and a high birth rate; a pre- 
dominantly illiterate agricultural popu- 
lation with little knowledge of modern 
techniques; and a Moslem tradition of 
taking great pride in large families. It is 
emphasized that there appears to be no 
religious mandate regarding fertility con- 
trol in the Moslem world. This attitude 
can change when it is understood that 
high fertility blocks the hope for a better 
life. 


Antarctic Research 


The Arctic Institute of North Amer- 
ica will participate in the U.S. Antarctic 
Research Program under the sponsor- 
ship of the National Science Foundation 
and the National Academy of Sciences. 
Seven new programs have been planned 
in order to continue international scien- 
tific collaboration in the Antarctic after 
the close of the International Geophysi- 
cal Year in December. 
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The programs to be undertaken by 
the Arctic Institute include 2-year stud- 
ies in glaciology and in seismology that 
will involve eight scientists in investiga- 
tions of the ice-cap, and its base rock in 
hitherto untraversed areas of the conti- 
nent. A program of auroral observations 
at the Byrd and Pole stations will also 
be conducted through 1959 and 1960, 
in cooperation with scientists from New 
Zealand and Australia at the Hallett, 
Wilkes, and Ellsworth stations. 

A further responsibility of the Arctic 
Institute is the coordination of a pro- 
gram in the biological and medical sci- 
ences. This will include the establish- 
ment of a biological laboratory at the 
Naval Air facility at McMurdo Sound 
for the use of zoologists, microbiologists, 
and physiologists. Other programs deal 
with ice studies and microflora collec- 
tions. Scientists for all the newly an- 
nounced programs are now being se- 
lected. 


Grants, Fellowships and Awards 


General. The British Government is 
calling for applications for its 1959 
Marshall Scholarship Awards. Students 
are being urged to get their applications 
in before 31 October, when the lists close. 
Requirements for these 2-year study 
grants, 12 of which are awarded each 
year, are liberal. Any American student 
(including inhabitants of Hawaii and 
Puerto Rico) of either sex, married or 
single, may apply—provided he or she 
has earned a first degree at a recognized 
university and is under the age of 26 on 
1 October 1959. 

Each award is worth around $1400 a 
year, for 2 years (and occasionally 3), 
plus tuition at a United Kingdom uni- 
versity, if possible of the applicant’s 
choice. This is estimated to be sufficient 
for student life in Britain. Passage to and 
from the United Kingdom is paid. Mar- 
ried men get an extra allowance. 

Applications should be made to the 
British consul-general in one of the fol- 
lowing cities: Chicago, New York, New 
Orleans, or San Francisco, The Marshall 
Scholarship Scheme was begun in 1953. 
It is intended to express Britain’s grati- 
tude for Marshall Aid. ‘ 

Pediatrics. Grants providing for post- 
graduate pediatric studies will be 
awarded again in 1959 by Wyeth Labo- 
ratories, Philadelphia. The firm will 
award 20 2-year grants, each carrying 
an annual stipend of $2400. The first 3 
years of the program will cost $195,000. 

Candidates for the pediatric fellow- 
ships may include interns, physicians 
who have recently completed their in- 
ternship, military service, or a U.S. Pub- 
lic Health Service tour, and research 
fellows. All recipients must be citizens of 
the United States and Canada. 


Applications must be submitted by 28 
November. Information and application 
forms may be obtained from Dr. Philip 
S. Barbar, University of Pennsylvania 
School of Medicine, Philadelphia, Pa. 


NSF Summer Conferences 
for College Teachers 


The National Science Foundation has 
announced that it will support in 1959 
an experimental program of some 20 
Summer Conferences primarily for col- 
lege teachers of science and mathematics. 
The Summer Conferences will be of 
shorter duration but generally similar to 
the Summer Institutes that the founda- 
tion has supported in recent years. Col- 
leges and universities interested in spon- 
soring such conferences are invited to re- 
quest further information from the 
Program Director for Summer Institutes, 
National Science Foundation, Washing- 
ton 25, D.C. The deadline date for sub- 
mission of proposals is 15 December 
1958. 

Although planned and sponsored by 
the nation’s institutions of higher learn- 
ing, Summer Conferences will be sup- 
ported by foundation funds to defray di- 
rect operational costs plus expenses of 
participants. Summer Institutes, 125 of 
which were supported by the foundation 
in 1958, are usually from 6 to 10 weeks 
in length and have been predominantly 
for high school teachers. In contrast, 
Summer Conferences will extend over a 
1-to-3-week period and will be primarily 
for college teachers. In a few cases sec- 
ondary-school teachers may be included 
for particular purposes. As with Insti- 
tutes, Summer Conferences will empha- 
size subject matter rather than methods 
of teaching. 


Radioactivity in Milk 


The Public Health Service has an- 
nounced that its latest tests for the pres- 
ence of radioactivity in milk from nine 
locations in the United States have 
shown amounts well within the permis- 
sible levels recommended by the Na- 
tional Committee on Radiation Protec- 
tion and Measurement. The new report, 
which covers the months of May, June, 
and July, brings up to date the findings 
of the study initiated by the Public 
Health Service in the spring of 1957. A 
report on the first-year findings was is- 
sued on 25 May 1958. 

During June and July, the network of 
sampling stations was expanded from 
five to nine. The four new stations re- 
porting for the first time are on the 
milksheds of Atlanta, Ga.; Austin, Tex.; 
Fargo, N.D.; and Chicago, Ill. An ad- 
ditional sampling point is being estab- 
lished in Spokane, Wash. New labora- 
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‘tory techniques have been introduced 


and instruments have been recalibrated 
to simplify sampling procedures and 
make them more accurate. Data previ- 
ously reported have been adjusted to 
conform to new values resulting from 
these changes. 

Levels of strontium-90 in the May 
samples were found to range, in the 
various milksheds, from 3.3 to 10.0 mi- 
cromicrocuries per liter, as compared to 
the permissible limit of 80.0 uuc/liter. 
The yearly average for the period ending 
May 1958 for strontium-90 ranged from 
4.1 to 9.4 wy/liter. 

Levels of strontium-90 in the June 
samples were found to range from 2.2 
to 15.5 wuc/liter. The yearly average 
for the period ending June 1958 ranged 
from 4.2 to 9.6 wuc/liter. 

In the July samples, the levels of 
strontium-90 were found to range from 
3.3 to 18.7 wuc/liter. The yearly average 
for the period ending July 1958 ranged 
from 4.2 to 10.2 wuc/liter. 

The maximum permissible levels rec- 
ommended by the National Committee 
on Radiation Protection and Measure- 
ment represent concentrations which are 
currently considered safe over a lifetime 
and which may occasionally be exceeded 
for short periods of time. 

Other radioactive elements found were 
also well below the permissible limits. 
For the period ending May 1958, the 
12-month average levels for these ele- 
ments, in micromicrocuries per iter, 
were as follows: iodine-131, 27 to 234 
(permissible limit, 3000); strontium-89, 
23 to 76 (permissible limit, 7000). Ba- 
rium-140, 19 to 88 (permissible limit, 
200,000); cesium-137, 43 to 60 (per- 
missible limit, 150,000). 


Science Legislation and 
the 85th Congress 


In various issues of Science published 
during the period from last January to 
the present, there have appeared a num- 
ber of items bearing the title Proposed 
Legislation. These items listed the bills 
introduced in Congress that seemed to 
have particular relevance to science, 
education, conservation, and other fields 
which might be of interest to readers of 
this magazine. During the course of the 
second session of the 85th Congress some 
of these bills were dropped, others were 
modified or incorporated into other 
legislation, and others were passed in the 
form in which they were introduced. 
Here, a review of a majority of these 
proposed bills is presented with notes on 
their history as they went through the 
legislative process and their status now, 
whether it be dead, pending, or public 
law. 

Two points should be kept in mind for 
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a valid reading of the information pre- 
sented. First, it should be realized that 
many bills receive no action because 
their provisions are transferred to an- 
other and different bill, and second, that 
many bills are imitative or are intro- 
duced more with the record in mind 
than with any hope or desire on the part 
of the sponsor that the bill actually be 
enacted. 

Below, the précis of the bills are 
grouped according to the general field 
with which they are concerned. A brief 
statement of status follows the listing of 
each bill. (S, Introduced in the Senate; 
HR, introduced in the House of Repre- 


sentatives. ) 
Education 


S 2916. Provide for grants to states to 
assist them to increase salaries of teach- 
ers of science in secondary schools and 
provide necessary equipment to use in 
connection with instruction of scientific 
subjects in such schools. Thye (R- 
Minn.). Senate Labor and Public Wel- 
fare. 

No action. 

S 2917. Promote general welfare of 
U.S. by providing program of scholar- 
ships for college undergraduate and 
graduate level education to be adminis- 
tered by Commissioner of Education. 
Thye (R-Minn.). Senate Labor and 
Public Welfare. 

No action. 

S 2956. Amend Vocational Education 
Act of 1946 to promote scientific educa- 
tion. Monroney (D-Okla.), Kerr (D- 
Okla.), McNamara (D-Mich.). Senate 
Labor and Public Welfare. 

No action. 

S 3187. Strengthen national defense, 
advance cause of peace, and assure the 
intellectual pre-eminence of the U.S., 
especially in science and_ technology, 
through programs designed to stimulate 
their development. Hill (D-Ala.) and 
26 other senators. 

No action. Similar to HR 13247 Na- 
tional Defense Education Act (Public 
Law 864) [Science 127, 389 (21 Feb. 
1958); 128, 289 (8 Aug. 1958); 128, 521 
(5 Sept. 1958) ] 

HR 9634. Expedite utilization of tele- 
vision facilities in our public schools 
and colleges, and in adult training pro- 
grams. Boggs (D-La.). House Education 
and Labor. 

No action, but a similar provision 
went into Public Law 864. 

HR 9620. Amend P.L. 874, 81st Con- 
gress, re assistance for maintenance and 
operation of schools in federally im- 
pacted areas, extend its effectiveness for 
two additional years. Auchincloss (R- 
N.J.). House Education and Labor. 

No action, but a similar bill (HR 
11378) was passed and signed by the 
President (Public Law 620). 


HR 9635. Provide for establishment 
of national program of science scholar- 
ships; provide for establishment of a pro- 
gram of loans to educational institutions 
to aid in providing adequate science fa- 
cilities. Brooks (D-Tex.). House Educa- 
tion and Labor. 

No action, but some provisions con- 
tained in Public Law 864. 

HR 9905. Authorize Secretary of De- 
fense to grant scholarships and fellow- 
ships in scientific fields to promote de- 
fense and security of U.S. Dingell 
(D-Mich.). House Armed Services. 

No action. 

HR 9830. Authorize appropriation of 
funds to assist States and Territories in 
financing a minimum foundation edu- 
cation program of public elementary and 
secondary schools, and in reducing in- 
equalities of educational opportunities 
through public elementary and second- 
ary schools, for general welfare. Perkins 
(D-Ky.). House Education and Labor. 

No action. 

S 3179. Authorize federal assistance to 
states and local communities in financing 
an expanded program of school con- 
struction to eliminate national shortage 
of classrooms. Kennedy (D-Mass.). Sen- 
ate Labor and Public Welfare. 

No action. 

S 2938. Amend Internal Revenue 
Code of 1954 to allow additional income 
exemption for an individual who is a 
student at an educational institution 
above secondary level. Frear (D-Del.). 
Senate Finance. 

No action. 

S 3156. Provide for expansion of cer- 
tain programs for advance education for 
teachers in science and for establishment 
of certain programs for advance educa- 
tion for teachers in the humanities. 
Flanders (R-Vt.), Bricker (R-Ohio). 
Senate Labor and Public Welfare. 

No action. Some provisions in Public 
Law 864. 

S 3311. Authorize assistance to states 
and local communities in remedying the 
inadequacies in number of their teach- 
ers and teachers’ salaries and shortage 
in classrooms. Murray (D-Mont.), 
Mansfield (D-Mont.), Cooper (R-Ky), 
Morse (D-Ore.), McNamara (D- 
Mich.), Langer (R-N.D,). Senate Labor 
and Public Welfare. 

No action. 

HR 9692. Provide for a scholarship 
program to aid in maintaining and 
strengthening U.S. leadership in certain 
fields of science and technology. Martin 
(R-Mass.). House Education and Labor. 

No action. Scholarship provision was 
dropped in National Defense Education 
Act. (Public Law 864.) 

HR 10454. Establish a_ scholarship 
program to train scientists and techni- 
cians; provide scholarship beneficiaries 
be obligated to serve in Armed Forces 
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upon completion of their education. 
O’Konski (R-Wis.). House Education 
and Labor. 

No action. 

HR 10842. Encourage expansion of 
teaching and research in education of 
exceptional children through grants to 
institutions of higher learning for train- 
ing of personnel with advanced profes- 
sional skills in special education. Mc- 
Govern (D-S.D.). House Education and 
Labor. 

No action. 

HR 11833. Encourage expansion of 
teaching and research in education of 
mentally retarded children through 
grants to institutions of higher learning 
and to state educational agencies. May 
(R-Conn.). House Education and La- 
bor. 

No action. 

HR 11329. Amend title IV of Hous- 
ing Act of 1950 to authorize loans under 
college housing loan program for con- 
struction of science buildings and librar- 
ies at educational institutions. O’Brien 
(D-N.Y.). House Banking and Currency. 

No action. 

S 3642. Provide for accelerated devel- 
opment of secondary school education 
in natural sciences in the several states 
and territories. Yarborough (D-Texas). 
Senate Labor and Public Welfare. 

No action. 

S 3606. Provide financial assistance to 
the states for educational purposes by re- 
turning to the states a portion of federal 
income taxes collected therein. Proxmire 
(D-Wis. Senate Labor and Public 
Welfare. 

No action. 

HR 12127. Provide for a program of 
federal grants-in-aid to assist the states 
to establish and maintain science and 
technological centers providing adequate 
facilities for advanced education and re- 
search in certain fields of science and 
engineering. Matthews (D-Fla.) House 
Education and Labor. 

No action. 

HR 11830. Provide for a federal pro- 
gram of loans to encourage and assist 
able and needy students to continue their 
education beyond the high-school level. 
Lane (D-Mass.). House Education and 
Labor. 

No action. Similar provisions in Pub- 
lic Law 864. 

HR 10180. Amend National Science 
Foundation Act of 1950 to encourage 
training of additional engineers and sci- 
entists and expansion of facilities for 
engineering and science education by 
providing scholarships and fellowships 
for engineering and science students. 
Sikes (D-Fla). House Interstate and 
Foreign Commerce. 

No action. 

HR 10290. Amend Outer Continental 
Shelf Lands Act in order to provide that 
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revenues under provisions of such act 
be used as grants-in-aid of primary, sec- 
ondary, and higher education. Udall (D- 
Ariz.). House Judiciary. 

No action. 

(The status of other proposed legisla- 
lation described in Science over the past 
9 months will be given in News of Sci- 
ence in the next issue. The bills reported 
on will be those relating to general sci- 
entific activities, federal agencies, con- 
servation, commerce, and others. ) 


Scientists in the News 


NORMAN TOPPING, | nationally 
known for his research and administra- 
tive work in education and medicine, 
took office on 2 September as the seventh 
president of the University of Southern 
California, his alma mater. He will be 
installed in traditional inauguration cere- 
monies on the campus 23 October. Top- 
ping returned to Southern California 
from the University of Pennsylvania, 
where he had been vice president for 
medical affairs for 6 years. He formerly 
was an assistant surgeon general of the 
U.S. Public Health Service and asso- 
ciate director of the National Institutes 


of Health. 


Three members of the National Acad- 
emy of Sciences—National Research 
Council Committee on Undersea War- 
fare were honored recently for their con- 
tributions to the Department of the Navy 
in the field of scientific research and 
development. At an informal dinner in 
Washington, Admiral ARLEIGH A. 
BURKE, Chief of Naval Operations, 
presented Navy Distinguished Public 
Service Awards to ERIC A. WALKER, 
president of Pennsylvania State Univer- 
sity, and GAYLORD P. HARNWELL, 
president of the University of Pennsyl- 
vania. JOHN S. COLEMAN, executive 
secretary of the Academy-Research 
Council’s Division of Physical Sciences, 
received the Navy Meritorious Public 
Service Award. 


ANTHONY C. CLEMENT, profes- 
sor of biology at Emory University, has 
been named program director for devel- 
opmental biology, Division of Biological 
and Medical Sciences, National Science 
Foundation. Clement is on leave from 
Emory. 


DONALD B. McMULLEN, chief of 
the department of medical zoology at 
the Walter Reed Army Institute of Re- 
search, will serve the World Health Or- 
ganization for 15 months. He is to be‘the 
epidemiologist on a two-man team that 
will undertake a study of methods for 
preventing the spread of schistosomiasis 
in hydroelectric, irrigation, and drainage 


projects in the Middle East and Africa. 
Headquarters will be WHO’s Section of 
Endemo-epidemic Diseases, Geneva, 
Switzerland, but most of the time will be 
spent in the field. It is expected that 
initial surveys will be made in eight 
countries by the end of 1958. 


AKIRA NOMOTO, professor at 
Chuo University in Japan, is serving this 
year as visiting professor in the depart- 
ment of mechanical engineering at Case 
Institute of Technology. 

In the same department, NIMET 
OZDAS, formerly on the faculty at Mas- 
sachusetts Institute of Technology, will 
serve as visiting associate professor. 
Ozdas received his diploma in engineer- 
ing in 1946 from the technical Univer- 
sity of Istanbul, Turkey, and his Ph.D. 
in 1951 from the Imperial College in 
London, England. 


Two electrical engineers will receive 
Howard N. Potts Medals from the 
Franklin Institute on 15 October. 
EMANUEL ROSENBERG of Bogota, 
Colombia, is being honored “for his con- 
ception of a fundamentally new princi- 
ple for deriving electrical current from a 
rotating machine and for his solution of 
the many technical problems related to 
the development of the Cross-Field Gen- 
erator.” WILLIAM NELSON GOOD- 
WIN, Jr., of New Hope, Pa., is being 
honored for “his many contributions to 
the field of electrical measuring instru- 
ments of which the thermal ammeter, 
the vacuum tube tester, and the rectifier 
instrument are examples, and in particu- 
lar for his work on photoelectric expo- 
sure meters and establishing a scale for 
film speeds.” 


Dr. and Mrs. JAMES F. TAIT of 
London have joined the research staff 
of the Worcester Foundation for Ex- 
perimental Biology, where they began 
work on 1 October following a lecture 
tour. Tait, in collaboration with his 
wife, (Sylvia A. Simpson) is codiscov- 
erer of aldosterone, a natural hormone 
of the adrenal cortex which regulates the 
sodium-potassium balance of the body. 


This year’s honorary degree recipients 
include the following: 

W. G. CADY, professor emeritus of 
physics at Wesleyan University, from 
Wesleyan University. 

EARLE C. SMITH, chief metallur- 
gist and director of research at Republic 
Steel Corporation, Cleveland, Ohio, 
from Ohio State University. 

GILBERT L. STOUT, chief of the 
bureau of plant pathology in the Cali- 
fornia Department of Agriculture, from 
Miami University. 

HOMER S. SWINGLE, professor of 
fisheries management at Alabama Poly- 
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‘technic Institute, from Ohio State Uni- 


versity. 

CARL J. WIGGERS, professor 
emeritus of physiology at Western Re- 
serve University, from Ohio State Uni- 
versity. 


GLEN D. CAMP, professor of oper- 
ations research at George Washington 
University, has been appointed professor 
of engineering administration at Case 
Institute of Technlogy. 

Another institute appointment is that 
of LUCIEN SCHMIT as associate pro- 
fessor of civil engineering. He was for- 
merly at Massachusetts Institute of 
Technology. 


The Institute of Radio Engineers has 
announced its 1959 awards, which will 
be presented at the IRE national con- 
vention banquet next March in New 
York City. 

E. LEON CHAFFEE, former direc- 
tor of the Cruft Laboratory, Harvard 
University, is to receive the IRE Medal 
of Honor, the highest technical award 
in the radio-electronics field, “for his 
outstanding research contributions and 
his dedication to training for leadership 
in radio engineering.” Chaffee, whose 
career at Harvard began in 1911, is 
Rumford professor of physics, emeritus, 
and Gordon McKay professor of applied 
physics, emeritus. 

The Morris Liebmann Memorial Prize 
will go jointly to CHARLES E. 
TOWNES, professor of physics, Colum- 
bia University, and NICOLAAS 
BLOEMBERGEN, Gordon McKay pro- 
fessor of applied physics, Harvard Uni- 
versity, “for fundamental and original 
contributions to the maser.” 

JACK W. HERBSTREIT, chief of 
the tropospheric propagation research 
section, National Bureau of Standards, 
has been named to receive the Harry 
Diamond Memorial Award “for original 
research and leadership in radio-wave 
propagation.” 

The Vladimir K. Zworykin Television 
Prize will go to PAUL WEIMER, group 
leader of pickup tube research, RCA 
Laboratories, “for contributions to pho- 
toconductive-type pickup tubes.” 


THOMAS F. ANDERSON, formerly 
of the Johnson Research Foundation of 
the University of Pennsylvania School of 
Medicine, has joined the staff of the 
Institute for Cancer Research, Philadel- 
phia, Pa., as a senior member of that 
group. Anderson will retain the title of 
professor in the department of biology 
at the University of Pennsylvania. 


GREGORY PINCUS, director of re- 
search at the Worcester Foundation for 
Experimental Biology, is chairman of the 
Subcommittee on Program for the first 
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International Congress of Endocrinol- 
ogy, which will be held in Copenhagen 
in 1960, The subcommittee is organizing 
the program for the congress, arranging 
a series of symposia and sessions for 
briefer papers. Other members of the 
group include ROLF LUFT of Stock- 
holm; ROBERT COURRIER of Paris; 
JOHN LORAINE of Edinburgh; HEC- 
TOR CROXATTO of Santiago; A. 
QUERIDO of Leiden; and FRANK 
ENGEL of Durham, N.C. The commit- 
tee’s first meeting was held in Paris on 
29 August. 


E. O. FIELD, division of radiobiol- 
ogy, radiotherapy department, Royal 
Marsden Hospital, London, has been ap- 
pointed visiting instructor in medicine 
at Stanford University School of Medi- 
cine, San Francisco, for the academic 
year 1958-59. Field will collaborate on 
hematology research being conducted in 
the isotope laboratory by the depart- 
ments of medicine and radiology. 


FRED J. EMMERICH, former pres- 
ident and chairman of the board of the 
Allied Chemical Corporation and now 
one of its directors, has received the 
Chemical Industry Medal of the Society 
of Chemical Industry. 


ROY E. MORSE, professor of food 
science, has been named chairman of the 
department of food science of the N.J. 
Agricultural Experiment Station, Rut- 
gers University. He succeeds WALTER 
A. MACLINN, who resigned recently to 
become executive director of the Refrig- 
eration Research Foundation, Colorado 
Springs, Colo. 


B. ROSS GUEST, chief civilian, Air 
Intelligence Estimates Branch, Office of 
the Assistant Chief of Staff, Intelligence, 
Department of the Air Force, Washing- 
ton, D.C., has been appointed an asso- 
ciate professor in the earth science de- 
partment, Northern Illinois University. 


EDGAR H. DIX, Jr., assistant direc- 
tor of research for the Aluminum Com- 
pany of America since 1942, has retired. 
Dix has been directly or indirectly re- 
sponsible for the development of many 
of the aluminum alloys used today, which 
now number 70. 


GEORGE M. BRIGGS, chief of the 
nutrition_unit, Laboratory ‘of Nutrition 
and Endocritotogy, National Institute of 
Arthritis and Metabolic Diseases, was 
recently awarded the 1958 Borden 
Award for his outstanding contributions 
during the past years to the advancement 
of basic research in poultry science. The 
award, consisting of a gold medal and 
$1000, was sponsored by the Poultry 
Science Association. Briggs was particu- 


larly cited for his work with vitamin B,, 
and its relationship to other diet com- 
ponents, such as fat and amino acids. 
The use of synthetic diets that Briggs de- 
veloped has been especially effective in 
determining the effect of a single basic 
food element on growth and _ physical 
development. 


MARTIN E. HANKE, associate pro- 
fessor of biochemistry at the Univer- 
sity of Chicago, has been named di- 
rector of the Clinical Chemistry Labo- 
ratory in the Division of Biological Sci- 
ences of the university’s School of Medi- 
cine. Hanke’s research interests have 
included isotopic studies on the reaction 
mechanism in the enzymatic decarboxy- 
lation of amino acids, serum proteins in 
cancer, oxidation-reduction potentials in 
bacterial cultures, and preparation of 
organic arsenic and mercury compounds. 


ROBERT E. HENZE, associate pro- 
fessor of biochemistry at Purdue Uni- 
versity, has been appointed to the head- 
quarters staff of the American Chemical 
Society in Washington, D.C., to coordi- 
nate the society’s education program. 


JOHN N. HOBSTETTER, member 
of the technical staff of the Bell Tele- 
phone Laboratories, has been appointed 
associate professor of metallurgical en- 
gineering at the University of Pennsyl- 
vania. 


Recent Deaths 


JACK K. FINNEGAN, Richmond, 
Va.; 42; associate professor of pharma- 
cology at the Medical College of Vir- 
ginia; 13 Sept. 

MATT C. JACOBS, Rochester, N.Y.; 
62; professor of medical illustration at 
the University of Rochester; former pres- 
ident of the National Association of 
Medical Illustrators; 13 Sept. 

LEWIS KNUDSON, Ithaca, N.Y.; 
74; professor emeritus of plant physiol- 
ogy of New York State College of Agri- 
culture, Cornell University; had been 
on the university’s staff for more than 40 
years; 31 Aug. 

FREDERICK B. LaFORGE, Wash- 
ington, D.C.; 76; chemist with the U.S. 
Department of Agriculture since 1915; 
specialist on insecticides; author of more 
than 100 papers and holder of a number 
of patents; 4 Sept. 

JAY L. WIERDA, Philadelphia, Pa.; 
60; associate professor of dental anat- 
omy and a member of the faculty of 
the University of Pennsylvania Medical 
and Dental Schools for 28 years; for- 
merly taught at Johns Hopkins Univer- 
sity, Guilford College, Duke University, 
Cornell University, and Ohio State Uni- 
versity; 5 September. 
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Book Reviews 


Listening in the Dark. The acoustic ori- 
entation of bats and men. Donald R. 
Griffin, Yale University Press, New 
Haven, 1958. xviiit+413 pp. Illus. + 
plates. $7.50. 


Under this title D. R. Griffin of Har- 
vard has produced an outstandingly thor- 
ough and able survey of the problem of 
echolocation in animals. The problem of 
how a bat flying in the dark can avoid 
collision, not merely with cliffs, trees, 
and walls but even, in darkened rooms, 
with quite fine wires, has intrigued natu- 
ralists since the time of Spallanzani 
(1729-99). 

One of the most attractive features of 
the present work is the thorough and 
appreciative account it contains of Spal- 
lanzani’s experiments—an account which 
shows him to have been not only an 
incisive thinker but a master of the ex- 
perimental method long before his time. 
The suggestion that the bats might, in 
fact, be navigating by some form of echo- 
location was indeed foreseen by Spallan- 
zani, who suggested that the sounds of 
bats’ wingbeats might perhaps be heard 
after reflection from obstacles. 

It was not until 1912 that Sir Hiram 
Maxim, unaware of Spallanzani’s sug- 
gestion, put forth the idea that bats could 
successfully avoid obstacles by means of 
sounds of about 15 cycles per second— 
that is, below the human auditory range, 
this frequency being roughly that of the 
wingbeat of some of the smaller bats. As 
we now know, it is the opposite end of 
the spectrum which is involved, and in 
1920 the English physiologist Hartridge, 
as a result of the developments of under- 
water sound signalling after World War 
I, suggested that bats might use sounds 
of high frequency and short wavelength 
in their avoidance of obstacles. This was 
a suggestion only, without any experi- 
mental support. Indeed it was noi cer- 
tain whether Hartridge had in mind 
high auditory frequencies, 15 to 20 kilo- 
cycles, or frequencies above the range of 
the human ear; but, as Griffin points out, 
he was certainly the first to appreciate 
and emphasize the great advantage that 
a bat might be expected to gain by using 
high frequencies and short wavelengths. 
The development of radar in World War 
II was, incidentally, an important factor 
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in bringing the author of this work to the 
subject, and 1944 saw the publication of 
the first of an important series of papers 
by him and his associates. 

Hartridge returned to the subject in 
1945 and 1946. It has since been the 
chosen field of several able sensory physi- 
ologists, but among these Griffin himself 
has been outstanding, and—partly be- 
cause he is also a first-rate naturalist—it 
is primarily to him that we owe the de- 
velopment of one of the most surprising 
and absorbing recent chapters in zoology. 
Many problems remain for further inves- 
tigation and innumerable byways offer 
themselves for exploration, but the main 
lines of the story now seem to be estab- 
lished beyond doubt. The conclusion is 
that all groups of bats except the Mega- 
chiroptera, which are primarily visual 
animals, control their flight by emitting 
brief pulses of sound, either well above 
the human auditory range or at least 
containing strong supersonic compo- 
nents. These pulses are often highly di- 
rectional, so that with them the bat can 
scan its surroundings as one might do 
with the beam of an electric torch, and 
where—as in many species—the pulses 
are of very high intensity, they enable 
the bat to perceive, follow, and catch 
flying insects solely by the echoes which 
return to it from the insect’s body. It is 
extraordinarily difficult for us human 
beings, visual animals that we are, to 
imagine ourselves into this world of 
sound, but Griffin’s descriptions are so 
vivid and lively that he succeeds in fa- 
miliarizing us with the acoustic world 
of the bats where many others would fail. 

Much of the book is highly technical. 
Many of the chapters contain material 
not previously published and perhaps 
more appropriate for scientific journals 
than for a book intended for the general 
zoologist; but the whole is so well done 
and the story is such an exciting one that 
even the reader quite ignorant of acous- 
tics and radar is likely to emerge not 
merely much better educated but an en- 
thusiastic student of the natural history 
and physiology of bats. The story of 
Griffin’s work on the bats must certainly 
take its place as one of the major devel- 
opments in natural history of the present 
period. 

But of course it is not only bats that 





achieve echolocation; there are also ab- 
sorbing chapters on the echolocation 
methods of fish, marine mammals, and, 
above all, birds. Griffin himself has es- 
tablished beyond doubt that the “oil- 
bird” or “guacharo” (Steatornis cari- 
pensis), the extraordinary vegetarian 
nightjar of South America, finds its way 
in its home caves by just the same 
method, save that the sounds used prob- 
ably do not contain important supersonic 
components. There is now strong cir- 
cumstantial evidence that swifts of the 
genus Collocalia also have the same 
ability. 

Finally, not the least of the merits of 
Griffin’s book is that it makes clear the 
problems yet to be tackled. How is it 
that many bats can undertake long-dis- 
tance homing and migration flights at 
night under circumstances in which echo- 
location can be of little, if any, use? How 
do the fish-eating bats perceive echoes 
from fish beneath the surface of smooth 
water, a surface which must be almost 
completely reflecting even to the intense 
high-frequency sounds of bats? How in- 
deed do bats avoid collision with smooth 
water surfaces when drinking? In some 
way they must overcome the difficulties 
caused by specular reflection. These and 
many other points remain to be worked 
out, and we have little doubt that Griffin 
will continue to be a pioneer in their 
study. 

This distinguished book ends with a 
number of chapters on general problems 
and prospects raised by these studies, 
not least of which is the likelihood that 
some of the methods bats employ might 
be effectively harnessed for the service 
of the human blind. Blind persons, as is 
now well known, may become remark- 
ably proficient at avoiding collision by 
means of the perception, often uncon- 
scious, of echoes of footsteps and of such 
sounds as the tapping of a stick, as these 
come back to them. 

W. H. THorpe 
Department of Zoology, University of 
Cambridge, Cambridge, England 


Volumetric Analysis. vol. III. Titration 
Methods: Oxidation-Reduction Reac- 
tions. I. M. Kolthoff, R. Belcher, V. 
A. Stenger and G. Matsuyama. Inter- 
science, New York, 1957. ix+714 pp. 
$15. 

This long-awaited volume completes 
the three-volume series on volumetric 
analysis by Kolthoff and his associates. 
Volume I, Theoretical Fundamentals, 
was issued in 1942 and volume II, 
Titration Methods: Acid-Base, Precipi- 
tation, and Complex-Formation Reac- 
tions, was issued in 1947. The third vol- 
ume is of the same high quality as the 
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earlier works and is an outstanding con- 
tribution to analytical literature. 

The subject matter is presented in 14 
chapters. The initial chapter on reac- 
tions, indicators, and general techniques 
is followed by chapters on potassium 
permanganate as both a volumetric and 
an oxidimetric reagent employed in 
methods for the determination of many 
inorganic and organic substances. Simi- 
lar chapters cover the oxidimetry and 
use of ceric salts, potassium dichromate, 
iodine, iodates, periodates (Malaprade 
reaction), bromates, and hypohalites. 
In addition, there are chapters on the 
determination of water with the Karl 
Fischer reagent and on miscellaneous 
oxidizing and reducing titrants—for ex- 
ample, ferric salts and arsenious oxide. 

The text material is up to date and is 
presented in the clear, orderly style char- 
acteristic of the senior author and his 
associates. The book is well-indexed. 
Cross references throughout the text will 
enable the reader to pin-point desired in- 
formation readily—a very useful aid to 
those searching for reliable and thorough 
information when carrying on analytical 
operations. The student, teacher, and 
experienced chemist will find a great 
amount of information in this text with 
which their objectives can be more 
quickly and easily attained. 

H. A. Bricut 
National Bureau of Standards 


Studies on Fossil Vertebrates. Presented 
to David Meredith Seares Watson. 
T. Stanley Westoll, Ed. University 
of London, Athlone Press; Essential 
Books, Fair Lawn, N.J., 1958. xii + 263 
pp. Illus. $5.60. 


This series of papers, honoring D. M. 
S. Watson on his retirement from the 
University of London, includes interest- 
ing, authoritative, and well-written theo- 
retical studies, review articles, and dis- 
cussions of new material in many of the 
fields Watson himself investigated. 

Five chapters deal with fossil fish. 
Dorothy H. Rayner discusses the prob- 
lems in determining the life habitats of 
fossil fish. Fish remains are very rare in 
modern dredging except in areas of low 
oxygen content, which suggests that the 
abundance of fossil fish in any environ- 
ment may be inversely related to their 
abundance as living fish. 

Errol I. White concludes that the evi- 
dence indicates that the original home 
of the craniates or Vertebrata was salt 
water, not fresh. Evidence for a fresh- 
water origin often involves fish which 
lived in fresh water at some unspecified 
time after their origin, but this has no 
bearing on where the origin actually was. 
Perhaps the problem is complicated by 
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there being no universally accepted defi- 
nition of the precise point at which or- 
ganisms became vertebrates. White cites 
zoological, geologic, and paleogeographic 
evidence, indicating that craniate condi- 
tions were achieved in marine (presum- 
ably coastal) waters, though the verte- 
brates may soon have entered fresh 
water. 

T. S. Westoll concludes that, in early 
fishes, there was probably never “an an- 
cestral type with continuous paired fin- 
folds with segmented endoskeleton and 
segmental muscles,” but that “there was 
a paired line of potential skin-folding, 
from which keel-like structures could 
develop,” and that such structures de- 
veloped several times among the early 
vertebrates, the invasion by muscles be- 
ing independent in the different groups. 
The general homology of paired fins is 
indicated by the similarity of blood sup- 
ply and innervation in the cephalaspids 
and sharks. 

A new restoration of Lasanius accom- 
panies F, R. Parrington’s discussion of 
the Anaspida. Resemblances to cyclo- 
stomes are striking, suggesting the pres- 
ence of similar gill sacs. These organ- 
isms probably buried their heads in the 
mud for feeding and pumped water in 
and out of the gill pouches for respira- 
tion. 

The head of another anaspid, Birkenia, 
is restored by Anatol Heintz, who be- 
lieves that the mouth and feeding habits 
were like those of Amphioxus rather than 
of cyclostomes. 

Three papers summarize important 
aspects of the evolution of higher verte- 
brates: the stratigraphy, fauna, and en- 
vironment of the Texas Permian, by A. 
S. Romer; evolutionary trends among 
Triassic tetrapods and indications of the 
similarity of Triassic and Cretaceous ex- 
tinctions, by Edwin H. Colbert; and an- 
notated faunal lists of the fossil verte- 
brates of Australia, which, E. Sherborn 
Hills states, show that Australia has al- 
ways had cleser faunal relationships with 
Europe than with South America or 
Africa. 

The remaining three chapters are more 
theoretical. Causation in evolution, cor- 
relation of structure and function, rela- 
tionships of internal and external en- 
vironment, and evolutionary rates and 
directions are discussed by W. K. Greg- 
ory, Sir Gavin de Beer and W. E. Swin- 
ton stress paedomorphism (that is, the 
younger stages of the ancestor prophesy 
the adult stages of the descendant) in 
fossil sequences, both vertebrate and in- 
vertebrate. The neo-Darwinian basis of 
major evolutionary changes is questioned 
by James Brough, who feels that fami- 
lies and smaller units may arise by nat- 
ural selection but that orders and higher 
groups have arisen very rapidly, due 
both to a former much higher mutation 


rate and to directional mutations. He ob- 
serves that no new animal phyla have 
arisen since the Cambrian, and no new 
classes (except birds and mammals) 
since the Paleozoic, and concludes that 
“evolution is almost or quite spent as a 
major creative force.” 

ALBERT E. Woop 
Department of Biology, 
Amherst College 


Quantum Mechanics. Non-relativistic 
theory. L. D. Landau and E. M. 
Lifshitz. vol. 3, of Course of Theoreti- 
cal Physics. Translated by J. B. Sykes 
and J. S. Bell. Pergamon Press, Lon- 
don; Addison Wesley, Reading, Mass., 
1958. xii+515 pp. $12.50. 


This volume is the second to appear 
in a projected series of nine volumes on 
theoretical physics by these authors. It 
is in many ways an excellent introduction 
to the ideas and the applications to 
atomic phenomena of nonrelativistic 
quantum mechanics. 

The strong point of this text is the 
completeness with which it treats atomic 
problems. There is an almost exhaustive 
discussion of angular momentum and 
spin on an elemenatry level. Of particu- 
lar interest are the detailed computations 
of matrix elements for angular momen- 
tum problems and the introduction and 
use of spinors in the discussion. The 
treatment of the semiclassical (Wentzel- 
Kramer-Brillouin) approximation is far 
more detailed and interesting than that 
given in comparable available texts and 
includes, for example, a_ little-known 
calculation by Landau of the matrix ele- 
ments in this approximation. 

It is difficult to show restraint in prais- 
ing the chapters on elementary many- 
body systems. Besides the usual self-con- 
sistent field analysis, a good account is 
given of the Thomas-Fermi model of the 
atom. Following these more or less gen- 
eral methods there is a long exposition 
of results for the diatomic molecule. The 
chapter on polyatomic molecules is pre- 
ceded by a very readable introduction 
to the theory of groups, particularly as 
it relates to the representation of molecu- 
lar symmetry. These ideas are then ap- 
plied in discussion of the vibrational 
properties of the polyatomic molecule. 

The concluding chapters are devoted 
to the theory of scattering, both elastic 
and inelastic. The authors make very 
effective use of the semiclassical approxi- 
mation in scattering problems. They 
make mention of the Gelfand-Levitan 
recipe for deriving the potential energy 
from the phase shifts but do little more 
than quote it. 

It seems to me that this text is not as 
good as many now available as a general 
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introduction to the ideas (as opposed to 
the methods) of quantum mechanics. 
The general introduction to quantum 
mechanical ideas is often ad hoc and 
might be incomprehensible to the stu- 
dent without understanding of the his- 
torical background which led to wave 
mechanics. 

In short, this book is an excellent ref- 
erence for those interested in atomic 
physics but requires a good deal of sup- 
plementary material if used in an intro- 
ductory course in quantum mechanics. 

GerorcE H. Weiss 
Institute for Fluid Dynamics 
and Applied Mathematics, 
University of Maryland 


Six Days or Forever? Tennessee vs. John 
Thomas Scopes. Ray Ginger. Beacon 
Press, Boston, 1958. 258 pp. $3.95. 


This book is a complete historical ac- 
count of the notorious “monkey trial” in 
Dayton, Tennessee, in 1925; it inciudes, 
also, a biographical sketch of each of the 
principal actors—the judge, the author 
of the antievolution law, Scopes, Bryan, 
Darrow, and many other public figures 
involved in one way or another; still 
further, there is a thoughtful analysis 
of the influence of world events on pub- 
lic thinking and of the factors motivat- 
ing the various personalities. The major 
immediate facts and events were brought 
to everyone at the time by public press 
and radio; the sequence and background 
have never before been portrayed in full. 

After a third of a century, dispassion- 
ate judgment brings the sober conviction 
that everyone behaved very badly; after 
all, it was an event without precedent 
in the experience of anyone in public 
life at the time. And one must now 
realize that the trial was but a symbol 
of something not immediately apparent 
then—something that was neither secu- 
lar, regional, nor political, an eruption 
of an element ever-present in any popu- 
lation, but, fortunately, suppressed most 
of the time. Recent world events had up- 
set the balances that usually temper vio- 
lent fanaticism. Efforts at restrictive 
legislation appeared, north, south, east, 
and west—sometimes succeeding, some- 
times failing, taking varied forms, but al- 
most invariably compounded of the same 
basic ingredients: prohibition, antievolu- 
tion, antitobacco, antifeminism, antisuf- 
frage, antivaccination, antitransfusion, 
antihairbob, anti-Teutonism. 

Several states still retain restrictive 
laws of one kind or another enacted dur- 
ing the period between World War I 
and the onset of the depression. The 
spirit was rampant, and the fact that 
repeals have not been more general sug- 
gests that the present dormancy could 
evaporate quickly. One ardent zealot in 
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New York was busily inveighing against 
medicine while another in Illinois wanted 
the earth made flat by legislative fiat. 
In Indiana, a little earlier, the legisla- 
ture decreed that the value of pi should 
be fixed at 4! Another reason for the 
quiescent phase of antievolution is that 
canny politicians, always sensitive to 
ridicule, sidestep the issue by way of 
textbook commissions, whose members 
are always political appointees and have 
absolute authority to reject textbooks 
not meeting the requirements adopted 
by the commissions themselves and sel- 
dom subject to review by any authorita- 
tive agency. 

Representative John W. Butler intro- 
duced the bill in Tennessee which was 
enacted into law when political expedi- 
ency smothered opposition. Bryan sug- 
gested, just as a psychological compro- 
mise, that no penalty clause be attached 
to the measure. Some legislators voted 
for passage because they thought (as 
claimed later) that Governor Peay 
would veto the bill as a matter of course. 
He, however, said the bill was absurd 
and that the legislature had no right to 
pass on to him the onus of decision. 
Political demands prompted him to ra- 
tionalize. He was reelected. Law-enforce- 
ment agencies generally ignored the 
Butler act until the American Civil 
Liberties Union took note and decided 
on a test case (but failed at first to find 
anyone willing to file a complaint). Gen- 
uine religious zeal, civic promotion, and 
political opportunism combined to in- 
itiate the next step, when a New York 
born mining engineer operating in Day- 
ton persuaded John T. Scopes, a naive 
young high-school science teacher, to be 
a test subject. He acknowledged guilt 
and was bound over to the grand jury. 
Ironically, he admitted later that on the 
specific day named in the indictment he 
was absent from school and did not ac- 
tually teach anything about evolution 
at all. 

As legal formality, the trial was a 
farce. Bryan volunteered his services as 
council for the prosecution, although he 
had not tried a case in 30 years. There 
was considerable local resentment at this 
unnecessary intrusion into a case which 
was an open-and-shut minor legal epi- 
sode. The law was clear, and Scopes’s 
guilt was admitted. Such a case would 
not, ordinarily, call for a jury trial; nor 
would a defendent ordinarily need to im- 
port council. The Civil Liberties Union 
persuaded Clarence Darrow to lend his 
services, along with other distinguished 
legal lights. His dominant pesonality 
more or less overshadowed the others. 
He was inexcusably insulting at times, 
and just as dogmatically fanatical as 
Bryan. He did, despite that, conduct a 
brilliant defense, the highlight of which 
came when he forced Bryan onto the wit- 
ness stand, where, for the first time in 


his life, Bryan was obliged to answer 
questions, Bryan’s whole thesis collapsed, 
and he left the stand an object of pity 
to his more staunch supporters, of con- 
tempt to those who had expected him to 
demolish the atheist lawyer from Chi- 
cago. The constitutionality of the law 
was not affected by the trial. 

Bryan had been an antievolutionist 
for many years but, shrewd politician 
that he was, he did not openly declare 
himself until he was sure that the fun- 
damentalist crusade was strong enough 
to furnish a “cause” for a public figure 
badly in need of one. He seldom en- 
dorsed any move until he was sure it 
had gathered enough momentum to 
carry him along on the crest of the 
wave. 

As a biologist engaged in teaching 
during those years, I recall vividly the 
ingenious methods adopted by many 
teachers for saying “evolution” without 
letting red-hot zealots know that was 
what they were saying. Today, those of 
more recent vintage may regard those 
situations with amusement, but the sober- 
ing realization is ever present in the 
minds of those who shivered through 
class sessions with glowering critics list- 
ening in for something that might stamp 
the lecturer as an evolutionist that such 
a wave of fanaticism could yet sweep 
up a holocaust of disastrous proportions, 
Only three years ago, two students in 
one of our largest medical schools an- 
nounced to one of their professors that 
they were antievolutionists and mem- 
bers of a large and powerful group 
which could, and would, be very influ- 
ential if it decided to become vociferous. 

Every scientist inclined to smugness 
needs to read this book in a serious 
mood and then pledge himself to avoid 
the error of his predecessors in allowing 
the antievolution movement to creep up 
because they were overconfident of their 
own positions in society and never 
troubled to translate their convictions 
into terms that the public could com- 
prehend. Many potential scientists were 
deterred from risking careers in science 
by this trial and other related events of 
the period. 

C, I. Reep 
Greensboro, North Carolina 


The Motility of Muscle and Cells. Hans 
H. Weber. Harvard University Press, 
Cambridge, 1958. 69 pp. $3.50. 


This attractive little booklet contains 
the three Dunham lectures delivered at 
Harvard University in March 1957. The 
first of the three chapters, containing the 
first lecture, deals with the chemical fac- 
tors producing contraction and relaxa- 
tion in the muscle fiber. The factors con- 
sidered in detail are the relaxing factor 
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- contained in the granules (“Marsh fac- 


tor’), adenosine triphosphate, and cal- 
cium and magnesium ions. Adenosine 
triphosphate has two functions: In rest 
it renders the muscle plastic and exten- 
sible, while in activity it makes the mus- 
cle contract, supplying it with energy by 
means of the splitting of its terminal 
high-energy phosphate bond. During 
contraction, Mg*+ activates actomyosin, 
while in relaxation it activates the re- 
laxing factor. In rest, Ca*+ is bound to 
actomyosin, while it inactivates the re- 
laxing factor during contraction. Ma- 
jor significance is attributed to the al- 
ternate binding and release of these two 
ions on the two sites in the chemical 
mechanism of contraction and relaxa- 
tion. 

The second chapter deals with the 
mechanism of muscular contraction. The 
author shows the inadequacy of earlier 
theories and takes sides with the “slid- 
ing theory,” for which he offers a de- 
tailed chemical interpretation. 

In the third chapter Weber deals with 
“the four mechanisms involved in the 
movement of cells.” He shows that the 
mechanism of contraction found in mus- 
cle underlays various forms of motion in 
diverse cells but represents in no way the 
only mechanism found in nature. “Na- 
ture apparently made experiments with 
different mechanisms of movements,” 
such as stretching and contraction of 
organelles by Ca++, prevented or re- 
versed by adenosine triphosphate, and 
stretching induced by adenosine triphos- 
phate and other polyphosphates. 

Not all researchers in this field will 
necessarily subscribe to Weber’s views 
on all points. But even if the views ex- 
pressed are at many points individual 
ones, they are interesting, Weber being 
one of the leading pioneers of muscle 
research. The personal touch makes the 
little book refreshing and _ interesting 
reading. 

ALBERT SzENT-Gy6rGyI 
Laboratory of the Institute for Muscle 
Research, Woods Hole, Massachusetts 


Handbuch der Physik. vol. 5, pt. 1, Prin- 
ciples of Quantum Theory. S. Fliigge, 
Ed. Springer, Berlin, 1958. 376 pp. 
Illus. DM, 90. 


This volume of the Handbuch con. 
tains two articles. “Die allgemeinen 
Principién der Wellenmechanik,” by W. 
Pauli, is largely a reprint of an article 
that appeared in the previous (1933) 
edition; ‘“Quantenelektrodynamik,” by 
G. Kallén, contains subject matter that, 
on the average, is less than a decade old. 

Pauli’s work remains a classic account 
of both wave and matrix mechanics for 
systems with a finite number of degrees 
of freedom. The deletion of the final sec- 
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tions, which contained a now inadequate 
introduction to, and critique of, quan- 
tum electrodynamics, is the only note- 
worthy change from the prior version. 
Because of the undiminished luster of 
the author’s reputation, and because of 
the intrinsic virtues of the article, it will 
continue to attract serious students of 
quantum mechanics who wish to deepen 
their understanding of the subject be- 
yond what is offered in the usual first 
course. 

In the article on quantum electrody- 
namics, G. Kallén describes the most 
impressive achievement of theoretical 
physics of the last decade. This has been 
the development of the theory of renor- 
malization and its application to the in- 
teraction of the Maxwell field with the 
electron-positron field, permitting the 
extraction, from a mathematically mean- 
ingless theory, of physical predictions 
which have had a striking experimental 
confirmation. The account of the inter- 
action of the two fields, the central 
theme of the work, is strongly influenced 
by the author’s own contributions to the 
subject: a most careful application of 
the adiabatic hypothesis to the discus- 
sion of scattering processes and an early 
realization of the superiority of the Heis- 
enberg picture (representation) for the 
definition of the concept of physical par- 
ticle. 

Nevertheless, the deduction of physi- 
cal results follows well-established lines. 
The Dyson form of the S-matrix is de- 
veloped briefly and applied to the sim- 
plest scattering processes. The discussion 
of the so-called radiative corrections, 
which embrace the new practical 
achievements of theory, is carried 
through by means of an effective current 
operator—almost the earliest satisfactory 
method applied to these problems—but 
the detailed calculations are simplified 
considerably by the fullest use of those 
analytic properties of the theory which 
follow -from its “causal” character. 
The concepts of charge and mass re- 
normalization are introduced, and such 
decisive tests of the theory as the cor- 
rections to the scattering of an electron 
by a Coulomb field, the anomalous elec- 
tron moment, the Lamb shift and the 
hyperfine structure of hydrogen-like 
atoms, and the fine structure of posi- 
tronium are calculated to lowest order. 
The results of higher order calculations 
are summarized, and the striking agree- 
ment with experiment is indicated. 

The article concludes with a detailed 
presentation of the author’s own most 
basic contribution to the subject, the 
development of a general theory of re- 
normalization of mass and charge with- 
out the use of perturbation theory and 
his so far inconclusive attempt to estab- 
lish the mathematical inconsistency of 
the renormalization theory. 

The only conspicuous omissions from 


Kallén’s painstakingly constructed arti- 
cle are an account of Dyson’s classic 
proof of the renormalizability of the 
S-matrix and the current postulational 
studies of the general structure of the 
theory along the lines laid out in part 
by the author himself: Presumably the 
latter will loom large in the so far elu- 
sive part 2 of this volume. 

ABRAHAM KLEIN 
Department of Physics, 
University of Pennsylvania 


Proceedings of the International Sym- 
posium on Isotope Separation. Held 
in Amsterdam, 23-27 Apr. 1957. J. 
Kistemaker, J. Bigeleisen, A. O. C. 
Nier, Eds. North-Holland, Amster- 
dam; Interscience, New York, 1958. 
xx + 704 pp. Illus. $15. 


Although the separation of isotopes 
has been of increasing interest in the 
last two decades, the first broad inter- 
national conference in this field was held 
in Amsterdam in April 1957. 

The papers presented there have been 
compiled into an excellent reference vol- 
ume, nicely balanced between theory and 
practice. Many of those most actively 
engaged in isotope separation are among 
the contributors. Sixty-three papers are 
included; most of them are in English, 
a few are in French and German. At 
least 14 nations are represented. 

This book is conveniently arranged 
in nine parts, as follows: “Chemical 
engineering” (four papers pertaining to 
plant processes); “Molecular interac- 
tions” (four papers on isotope effects) ; 
“Chemical exchange” (ten papers); 
“Electromigration” (six papers); “Dis- 
tillation” (seven papers); “Thermal 
diffusion” (seven papers); “Diffusion” 
(nine papers); “Electromagnetic sepa- 
ration” (11 papers, two abstracts); and 
“Ultracentrifuges” (two papers). 

Chemical exchange and electromag- 
netic separation receive the most atten- 
tion, as would be expected, considering 
the success of these methods in produc- 
ing a variety of useful quantities of iso- 
topes. Workers on these methods have 
extended wartime progress, to the bene- 
fit of isotope separation and isotope ap- 
plication, 

However, this comment is not in- 
tended to take any credit from the ex- 
cellent original research done and re- 
ported in this book on other methods of 
isotope separation. It is good that this 
conference covered all methods so well. 

Much progress has been made in the 
gaseous diffusion process, but security 
classification continues to obscure most 
of this technology. 

This volume will be happily received 
by all those interested in or engaged in 
isotope separation. Such a complete com- 
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pilation of papers in this area may not 
appear again for many years. 

The entire volume is well arranged 
and remarkably free from errors, in view 
of the number and geographical distri- 
bution of the contributors. 

J. Kistemaker, the force behind the 
conference and in the preparation of 
these proceedings, has performed a valu- 
able service for his colleagues. 

C. P. Kem 
Technical Information Division, 
Oak Ridge National Laboratory 


Progress in the Chemistry of Organic 
Natural Products. vol. XIV. L. Zech- 
meister, Ed. Springer, Vienna, Aus- 
tria, 1957. viili+ 377 pp. $17.85. 

In this most recent volume of the 
Progress series, Zechmeister has assem- 
bled seven chapters representative of 
fields of current interest; five of these 
deal with the chemistry of plant mate- 
rials. Noteworthy is the steady increase 
in the amount of space devoted to bio- 
genetic mechanisms—no longer an iso- 
lated area of fragile speculation. 

“Acetylenverbindungen im _ Pflanzen- 
reich,” by F. Bohlmann and H. J. Mann- 
hardt, reviews the methods of isolation, 
structure elucidation, and synthesis of a 
variety of acetylenes and polyacetylenes 
found in both higher and lower plants. 
The chapter closes with a detailed specu- 
lation on the biogenesis of this series and 
a description of the use of actylene com- 
pounds as a guide in plant taxonomy. 

In “Neuere Ergebnisse auf dem Ge- 
biete der glykosidischen Herzgifte: 
Zucker und Glykoside,” C. Tamm pre- 
sents recent work on the chemistry of 
the cardiac-active glycosides. Physical 
properties of the sugars and aglycones, 
as well as botanical sources of the gly- 
cosides, are presented in extensive tables. 

The chemistry of hypericin and re- 
lated polycyclic quinones is set forth in 
a chapter by H. Brockmann, “Photody- 
namisch wirksame Pflanzenfarbstoffe.” 
These plant coloring matters sensitize 
grazing animals to serious irritation by 
sunlight. The interesting hypothesis that 
such compounds catalyze the photooxi- 
dation of proteins is discussed briefly. 

In “Biosynthetic relations of some 
natural phenolic and enolic compounds,” 
A. J. Birch summarizes the evidence de- 
rived from labeling and other experi- 
ments which permits an elaboration of 
the pathway from two-carbon fragments 
to complex cyclic compounds. By mak- 
ing use of a few chemical reactions 
known to be within the realm of en- 
zymes, Birch is able to correlate the 
structures and biosynthesis of a wide 
variety of natural products, including 
phenols, coumarins, anthocyanins, lignin 
precursors, terpenoids, and tropolones. 
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H. Sobotka, N. Barsel, and J. D. 
Chanley have reviewed the chemistry, 
physiology, and pharmacology of “The 
aminochromes.” The oxidation products 
of phenylethylamines- have long been of 
interest as precursors of melanin pig- 
ments. The current research activity on 
the metabolism of adrenalin and aro- 
matic amino acids, and.on the pharma- 
cological properties of these unstable 
quinones themselves, renders the chapter 
particularly timely. 

A portion of the complex and fasci- 
nating chemistry of vision is reviewed 
in “Visual pigments,” by R. A. Morton 
and G. A. J. Pitt. In addition to describ- 
ing the chemistry of retinenes and rho- 
dopsin, the authors have enhanced the 
value of the review by including a com- 
parative survey of the eye pigments of 
nonmaminalian species. 

A final chapter by H. Brown, “The 
carbon cycle in nature,” discusses the 
possible origins and the quantities, rates, 
and mechanisms of turnover of biochem- 
ical carbon. A number of phenomena 
are explained by the assumption that 
the earth was born with a reducing at- 
mosphere which was gradually trans- 
formed to the present oxidizing atmos- 
phere. 

The high calibre of writing traditional 
to this series is maintained in the present 
volume, as is the quality of the paper 
and printing. 

Louris A. CoHEN 
National Institute of Arthritis 
and Metabolic Diseases, 
National Institutes of Health 


British Pharmacopoeia, 1958. Published 
under the direction of the General 
Medical Council. Pharmaceutical 
Press, London, for the Council, 1958 
(order from Rittenhouse Bookstore, 
Philadelphia). xxvi+ 1012 pp. £3 3s, 


American readers familiar with the 
United States Pharmacopeia (USP), 
volume XV, will be perfectly at home 
with the British Pharmacopoeia, 1958 
(BP). The two compendia are similar 
in scope, content, and format. Both 
consist of introductory notices and defini- 
tions, several hundred pages of mono- 
graphs running from acacia to zinc unde- 
cylenate (including names, descriptions, 
identification and assay methods, and 
the like), and detailed appendices on 
methods and materials. In both books 
the material is assembled with the as- 
sistance of committees drawn from phar- 
macists and physicians from universities 
and industry; the English use about 
twice as many committees as do the 
Americans, 

A few of the minor differences may 
be interesting to American readers. The 
BP eliminates the salt of a drug when 





only one form is used; thus “Injection 
of neostigmine methylsulfate” becomes 
“Neostigmine injection.” In expressing 
dosage the BP is somewhat less consist- 
ent than the USP. Some statements are 
brief, as for isoniazid: “0.1 to 0.3 g. 
daily in divided doses’; others are long, 
as for cyanocobalamin: “By intramus- 
cular injection, controlling dose, 50 to 
100 micrograms weekly, or more fre- 
quently if subacuate combined degenera- 
tion of the spinal cord is present; main- 
tenance dose, 50 to 100 micrograms 
every two or three weeks.” In the USP 
the usual dose and the range of doses 
are given separately, with therapeutic 
directions uniformly brief. A more im- 
portant difference is the inclusion of a 
categorizing name or statement in the 
USP which informs the reader of the 
general action or type of the drug, and 
thus helps to identify a drug when its 
name alone does not bring recognition. 

Neither book is a therapeutic guide 


for physicians. Rather both are books of - 


standards and sources of pharmaceutical 
directions which list officially those drugs 
preferred in good medical practice. 

Winpsor CuttTinG 
Department of Medical Microbiology, 
Stanford University 


New Books 


Administrative Medicine. Transactions 
of the fifth conference, 28-30 October 
1956, Princeton, N.J., George S. Steven- 
son, Ed. Josiah Macy, Jr. Foundation, 
New York, 1958. 197 pp. $3.75. 

Advances in Clinical Chemistry. vol. I. 
Harry Sobotka and C. P. Stewart. Aca- 
demic Press, New York, 1958. 409 pp. $12. 

Adventures in the World of Science. 
Charles Greeley Abbot. Public Affairs 
Press, Washington, 1958. 159 pp. $3.50. 

Aircraft Communications Systems. J. H. 
H. Grover. Philosophical Library, New 
York, 1958. 135 pp. $6. 

Bacterial and Mycotic Infections of 
Man. Rene J. Dubos. Lippincott, Phila- 
delphia, ed. 3, 1958. 832 pp. $8.50. 

The Biological Replication of Macro- 
molecules. Symposia of the Society for 
Experimental Biology, No. XII. Academic 
Press, New York, 1958. 261 pp. $9.50. 

Buildings for Research. An architec- 
tural record book. F. W. Dodge Corp., 
New York, 1958. 224 pp. $9.50. 

Causes de la répartition des étres vi- 
vants. Raymond Furon. Masson, Paris, 
1958. 168 pp. Paper, F. 1000. 

Clinical Neuroanatomy, Neurophysiol- 
ogy, and Neurology. With a method of 
brain reconstruction. Louis Hausman. 
Thomas, Springfield, Ill., 1958. 547 pp. 
$9.75. 

Coccidioidomysocis. Marshall J. Fiese. 
Thomas, Springfield, Ill., 1958. 253 pp. 
$9.50. 

Cosmic Electrodynamics. J. W. Dungey. 
Cambridge Univ. Press, New York, 1958. 
192 pp. $6. 

Discussions on Child Development. A 
consideration of the biological, psycho- 
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logical, and cultural approaches to the 
understanding of human development and 
behavior. vol. 3. Proceedings of the third 
meeting of the World Health Organiza- 
tion Study Group on the Psychobiological 
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Approximation to a Gravity-Free 
Situation for the Human Organism 
Achievable at Moderate Expense 


So far as their effects on the human 
organism are concerned, the chief pecu- 
liarities of weightlessness consist in (i) 
the cessation of unidirectional stimula- 
tion of the vestibular system, together 
with the sequelae accruing therefrom 
through reactions of the autonomic and 
central nervous systems, and (ii) the let- 
ting up of the hydrostatic drag on the 
circulatory system, especially that asso- 
ciated with the erect posture of man. 
Both of these peculiarities can be ap- 
proximated to a considerable degree by 
a combination of relatively simple de- 
vices. The use of these would enable 
data on the effects of this pseudo-weight- 
lessness, maintained for several hours at 
least, to be obtained long before the still 
exceedingly costly direct tests of subject- 
ing human beings to prolonged free 
fall can be carried out by Western sci- 
entists. 

By far the greater portion of the hy- 
drostatic drag is absent in human beings 
whose body axis is in a horizontal posi- 
tion, as it is when they are recumbent. 
Most of the remainder can be evened out 
and in effect nullified by subjecting them 
to a moderate spinning motion about 
their horizontal axis, through the auto- 
matic rotation of a cylinder within which 
they are held. At the same time, little 
sense of the pressure caused by their 
body weight would remain if the body, 
including the limbs, were encased in a 
skin-tight envelope, and held immersed 
in a brine having the same specific grav- 
ity as the average for the body itself. 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors”’ [Science 125, 16 (1957) }. 
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Reports 


Considerable freedom of movement 
can be allowed for the limbs. The head 
can be encased in a transparent helmet 
that is serviced for respiration and oral 
communication. It is to be held with its 
axis in alignment with the body axis. 
That is, the head is not permitted tilting 
movements that would set its axis at an 
angle to that of the body; however, it is 
left free to carry out any desired volun- 
tary movements of rotation on its axis. 
A field of view, imitative of furnishings 
and, for example, of a window showing 
a skyscape, would be arranged that re- 
mained in a fixed position with reference 
to the subject. Thus the field of view 
would spin together with the subject 
himself, and the subject would lack the 
visual stimuli associated with an imposed 
rotary movement. 

The subject, after having been fast- 
ened within the cylinder, would at first 
be at rest but by insensible degrees would 
be subjected to a rotary movement about 
his horizontal axis, at a speed that in- 
creased until it attained the psycho- 
physiological optimum for disengaging 
his vestibular apparatus from an effec- 
tive pull by gravity in any given direc- 
tion. Thereafter the motion is to be kept 
smooth and steady. Preliminary experi- 
ments have shown that under such cir- 
cumstances, so long as the subject’s head 
remains with its original relation to the 
body axis, he soon becomes quite un- 
aware of the rotary movement as such. 
This is because the fluid in his semicir- 
cular canals has come to rest, in relation 
to their walls (except for any voluntary 
axial turning movements, which then 
give rise only to the effects usual for 
them), and because he has no notifica- 
tion of the imposed rotation through 
vision and very little through skin or. in- 
ternal bodily pressures. 

It is likely that a suitable speed of 
rotation could be found which was too 
fast, in relation to the sensitivity of that 
part of the vestibular apparatus which 
detects translational (linear) accelera- 
tion or gravity in any one direction, to 
allow such stimuli to accumulate to 
an appreciable degree. That is, not so 
rapid a periodicity should be required to 
transcend “flicker” in the case of the 
sensation of linear acceleration here in 
question as in the case of optical flashes. 
For psychological and physiological pur- 


poses, a condition approximating that of 
weightlessness or free fall would thereby 
have been achieved. Essentially the same 
mechanism has long been used for nulli- 
fying gravity in studies on plants, but 
the speed of rotation for this apparatus, 
called a clinostat, can be much slower 
because of the much slower reactivity of 
plant tissues. 

Among other questions that would 
thereby be opened for investigation are 
those concerned with the effects, on free- 
fall tolerance, of individual differences 
(as between persons of differing tend- 
encies to become giddy or motion-sick) 
and of the effects of differing physiolog- 
ical conditions and of diverse drugs 
(such as those used against motion sick- 
ness). The relatively small cost of the 
apparatus required for such experiments, 
and the relatively short time required for 
its construction, recommend it for pilot 
studies on the effects of fairly prolonged 
weightlessness (/). 

H. J. Mutter 
Department of Zoology, 
Indiana University, Bloomington 


Note 


1. This report is based upon a paper read at Sym- 
posium on Possible Uses of Earth Satellites for 
Life-Sciences Experiments, Washington, D.C., 
17 May 1958; Contribution No. 659 of Zoology 
Department, Indiana University. 
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Role of Somatotropin in 
Mammogenesis and Lactogenesis 


in C3H/He CRGL Mice 


In mammary gland growth and differ- 
entiation in rodents, mammotropin with 
ovarian steroids induces lobulo-alveolar 
development, and if this is followed by 
treatment with mammotropin and ad- 
renocortical steroids, lactogenesis will 
result (1). Somatotropin (hypophysial 
growth hormone) synergizes in both 
these cases to enhance the action of the 
hormonal combinations (2, 3); however, 
somatotropin has not been reported to 
act either as a lobulo-alveolar mam- 
mogen or as a lactogen in the absence 
of mammotropin. 

Recently it was shown that a purified 
somatotropin preparation (containing 0.5 
to 2 percent mammotropin) acts alone 
as a duct mammogen in hypophysecto- 
mized rats (1). Ferguson (4) observed 
that this hormone by itself had no direct 
mammogenic action in hypophysecto- 
mized C3H mice but that the formation 
of terminal buds and some alveoli was 
induced by treatment with somatotropin, 
estradiol, and progesterone. The present 
report is concerned with the role of 
somatotropin in mammogenesis and lac- 
togenesis in C3H/He CRGL mice. 
These experiments are part of a larger 
study dealing with the endocrine con- 
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trol of mammary growth and function 
in this strain of mouse (5). 

Pituitaries, ovaries, and adrenals were 
removed (triply operated) from 3-month- 
old virgin C3H/He CRGL females. The 
animals were then treated for 15 to 20 
days with various combinations of ovar- 
ian and adrenocortical steroids together 
with somatotropin, administered in daily 
subcutaneous injections. The steroids 
were prepared as aqueous suspensions, 
and unless otherwise indicated, the fol- 
lowing daily doses were used: -estra- 
diol, 1 wg; progesterone, 1 mg; deoxy- 
corticosterone acetate, 0.2 mg; cortisol 
acetate, 125 ug. Various amounts of bo- 
vine somatotropin (15 yg to 1 mg), dis- 
solved in water at pH 8.0 to 8.5, were 
also administered daily. At the end of 
each experiment, the mammary glands 
were removed, fixed in 10 percent for- 
malin, stained with iron-hematoxylin, 
cleared, and stored in methy] salicylate. 
These preparations were examined un- 
der a dissecting microscope, after which 
representative areas were taken for his- 
tologic study. 

The mammary glands of normal 3- 
month-old virgin females usually con- 
tain only medium and wide ducts and 
terminal buds of various sizes. Occasion- 
ally, a few alveoli and alveolar buds are 
also present. Removal of pituitaries, 
ovaries, and adrenals results in regres- 
sion of the finer branches and terminal 
buds within 15 days (Fig. 1, A). 

Two hormonal regimens, involving 
somatotropin, given for 20 days, were 
found to stimulate the duct system in 
triply operated mice beyond the level of 
development seen in 3-month-old con- 
trols: Daily administration of 0.5 mg of 
somatotropin, along with estradiol and 
deoxycorticosterone acetate, or along 
with estradiol, deoxycorticosterone ace- 
tate, and 62.5 ug of cortisol acetate, re- 
sulted in comparable degrees of duct 
stimulation (Fig. 1, B). 

Somatotropin, along with estradiol 
and progesterone, was found to induce 
lobulo-alveolar development in_ triply 
operated mice. Treatment with estra- 
diol, progesterone, and 15 ug of somato- 
tropin per day for 15 days resulted in 
the formation of a few alveoli. When 
the level of somatotropin was increased 
to 100 ug/day, large numbers of alveoli, 
some organized into lobules, were found. 
Increase of somatotropin dosage to | 
mg/day resulted in lobulo-alveolar devel- 
opment similar to that of intact females 
at midpregnancy. This lobulo-alveolar 
development was at least as extensive as 
that obtained with estradiol, progester- 
one, and 1 mg of mammotropin per day 
(5). 

Lactogenesis was induced in triply 
operated females by daily injections of 
estradiol, progesterone, and 1 mg of 
somatotropin for 15 days, followed by 
daily injections of cortisol acetate and 
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1 mg of somatotropin for 5 days. Glands 
from mice treated in this way were com- 
posed of lobules filled with milk (Fig. 
1, C), and the secretion-filled alveolar 
lumina were partially lined with vacuo- 
lated cells (Fig. 1, D), such as are found 
in the normal lactating mammary gland. 
These results are similar to those ob- 
tained experimentally when mammo- 
tropin is used in place of somatotropin 
(3): 

Additional experiments eliminate other 
possible explanations for the observed 
effects of somatotropin: (i) A mouse 
placentoma assay indicated the presence 
of 0.5 to 1.0 percent mammotropin in 
our somatotropin preparation. Neither 
lobulo-alveolar development nor lacto- 


genesis was induced in triply operated 
mice when the somatotropin was re- 
placed by small amounts (15 ug/day) of 
mammotropin, indicating that the re- 
sults obtained with our somatotropin 
preparation could not be ascribed to the 
small quantity of mammotropin present 
as a contaminant. (ii) Serial sections of 
operated areas from the skulls of repre- 
sentative triply operated animals showed 
no residual pituitary tissue, thus exclud- 
ing the possibility that such remnants 
might be secreting hormones that could 
synergize with the exogenous somato- 
tropin. (iii) Mice hypophysectomized 
and ovariectomized 20 to 25 days before 
initiation of treatment showed the same 
responses as those treated immediately 





Fig. 1 (A) Mammary gland whole-mount from 312-month-old female, 15 days after re- 
moval of pituitary, ovaries, and adrenals. Hematoxylin. (x7). (B) Mammary gland 
whole-mount from triply operated female treated for 20 days with estradiol, deoxycorti- 
costerone acetate, and somatotropin. Hematoxylin. (x 7). (C) Mammary gland whole- 
mount from triply operated female treated with estradiol, progesterone, and somatotropin 
daily for 15 days, followed by cortisol acetate and somatotropin daily for 5 days. Hema- 
toxylin. (x 15). (D) Section through a part of the mammary gland seen in C. Masson. 


(x 400). 
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postoperatively. Hence, the observed ef- 
fects of somatotropin are not the result 
of synergism with pituitary hormones 
that might remain in the blood for a 
short time after hypophysectomy. 

Our observations indicate that somato- 
tropin can synergize with appropriate 
ovarian or adrenocortical steroids, or 
both, to induce ductal development, 
lobulo-alveolar development, and lacto- 
genesis in the mammary glands of triply 
operated C3H/He CRGL female mice. 
Unlike the rat (J), our C3H mouse is 
responsive to the mammogenic and lac- 
togenic actions of somatotropin even in 
the absence of appreciable amounts of 
mammotropin (6). 

SATYABRATA NANDI 
Department of Zoology and 
Cancer Research Genetics Laboratory, 
University of California, Berkeley 
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Intrasubject Conditioning as a 
Function of the Intensity of the 
Unconditioned Stimulus 


Abstract. Subjects conditioned concur- 
rently to two different conditioned stim- 
uli, light and tone, exhibited a signifi- 
cantly higher level of conditioning to 
the stimulus paired with a strong uncon- 
ditioned stimulus than to the stimulus 
paired with a weak one. The findings 
suggest that habit strength in aversive 
conditioning varies with the intensity of 
the unconditioned stimulus. 


In a number of experiments (1) con- 
cerned with the problem of whether 
habit strength (H) is a function of the 
intensity of the unconditioned stimulus 
(UCS), the conditioning performances 
of two different groups of subjects (S’s), 
equated for level of drive (D) but dif- 
fering with respect to reinforcement 
conditions, were compared. The finding 
of a higher level of performance on the 
part of S’s that received a strong UCS 
on trials producing conditioning (that 
is, habit growth) as compared with S’s 
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who were given a weak UCS on such 
trials was interpreted to mean that habit 
strength (H) varies with the level of in- 
tensity (noxiousness) of the UCS. 

In the present experiment (2) we at- 
tempted to obtain further evidence on 
this problem by comparing the condi- 
tioning performances of a single group 
of S’s under two different reinforcement 
intensities. All S’s were conditioned con- 
currently to two. different conditioned 
stimuli (CS’s) (light and tone). Half of 
the S’s had the light paired with a 
strong UCS and the tone paired with a 
weak UCS. In the case of the other haif 
of the S’s these relations were reversed, 
the tone being paired with the strong 
UCS and the light with the weak UCS. 
Our primary interest lay in a comparison 
of the level of conditioning performance 
to the CS paired with the strong UCS 
with that to the CS paired with the weak 
UCS. On the basis of the findings of the 
previous experiments and the interpre- 
tation offered by them, namely, that a 
greater amount of H is established to a 
CS paired with a strong UCS than to 
one paired with a weak UCS, it may be 
predicted that a higher level of con- 
ditioning performance will be made to 
the CS paired with the stronger UCS. 

Twenty-four men and 24 women from 
an introductory course in psychology 
served as S’s in this experiment. Nine 
other S’s were eliminated, including 
three who met the criterion defining a 
voluntary responder (3), two who gave 
conditioned responses (CR’s) to initial 
test trial presentations of the CS, and 
four who adapted to the air puff. An § 
was considered to have adapted to the 
puff if the mean amplitude of the 
unconditioned responses (UCR’s) made 
on the last 10 trials involving the weak 
puff was less than 50 percent of that on 
the first 10 weak puff trials. 

The apparatus was the same as that 
used in earlier studies (/) except for 
the addition of a 1000-cycle tone CS pro- 
duced by a loudspeaker driven by a 
Hewlett-Packard oscillator. 

Instructions and preliminary trials 
were similar to those of the previous 
studies. A variable (15, 20, 25 sec) inter- 
trial interval was used, as well as a 
ready signal which preceded the onset 
of the CS by 2, 3, or 4 seconds. : 

Each S$ received 100 conditioning 
trials, 50 of which involved a tone CS 
and 50 a light CS..The two CS’s were 
given in a prearranged sequence within 
which neither of the CS’s occurred more 
than twice in succession. For half of the 
S’s the tone was always paired with a 
strong (2 lb/in.2) puff and the light 
with a weak (0.33 lb/in.2) puff, while 
the other half received the reverse 
pairing, a 0.33 lb/in.? puff with the 
light and a 2 lb/in.? puff with the tone. 
The CS-UCS interval was 500 msec, 





Table 1. Summary of analysis of variance 
of frequency of CR’s for trials 1’ to 20 and 
61 to 80. 








Source df MS F i 
Between S’s 47 
AB (b) 1 
Error (b)_ . 46 14.94 
Within S’s 144 
CS (A) 1 40.33 11.86 005 
Puff (B) 1 44.08 12.96 001 
Trials (C) 1 752.08 191.37 001 
AC 1 3.01 1.11 > .200 
BC 1 18.76 6.90 025 
AB (b) C i 1.34 < 1.00 
Error W 138 3.35 
Error, W 46 3.40 
Error, W 46 3.93 
Error, WwW 46 2.72 

Total 191 


with the duration of the CS 550 msec 
and the duration of the UCS 50 msec. 
At the end of the experiment all S’s 
were questioned regarding their under- 
standing of the purpose of the experi- 
ment and cautioned not to discuss the 
experiment with other members of the 
class, 

Acquisition curves in terms of the 
number of anticipatory CR’s given to 
the CS paired with the strong UCS and 
to the CS paired with the weak UCS 
are shown in Fig. 1. As may be observed, 
the curve for the strong puff is consist- 
ently above the curve for the weak puff, 
with the difference gradually increasing 
during the course of conditioning. A 
summary of an analysis of variance, in- 
volving three within-subjects factors and 
one between-subjects interaction (4, p. 
279, Type VII), based upon the first 
and last blocks of ten conditioning trials 
is presented in Table 1. As may be seen 
from the lower portion of this table, the 
differential effect of the UCS variable 
was highly significant, the obtained F 
providing a P value of .001. Also of in- 
terest is the fact that the interaction be- 
tween the UCS variable and blocks of 
conditioning trials was significant (P= 
.025), thus indicating that the diver- 
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Fig. 1. Percentage of CR’s in blocks of ten 
trials made to CS paired with 2-lb UCS 
and 0.33-lb UCS. 
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gence of the conditioning curves was not 
a chance one. 

Further examination of Table 1 re- 
veals that the CS variable—that is, 
whether tone or light—also significantly 
affected the level of conditioning per- 
formance. Indeed, this variable gave a 
slightly larger value of F than did the 
UCS variable. It will be observed, how- 
ever, that the interaction term between 
CS and trial blocks was not significant. 
This implies that the acquisition curves 
for the tone and light did not diverge. 
Presumably the different performance 
in the case of the two CS’s reflects 
Hull’s stimulus dynamism variable, V. 

The results of this experiment add 
still further evidence supporting the in- 
terpretation that habit strength (H) is 
a function of the intensity of the UCS. 
In the previous experiments (/) the per- 
formance of two independent groups of 
S’s whose drive level (D) was equated 
by employing two different puff intensi- 
ties equally often was compared. It was 
found in every instance that the group 
which had the CS paired with the strong 
UCS exhibited a higher level of condi- 
tioning performance than did the group 
which had the CS paired with the weak 
UCS. The present experiment involves 
a comparison of the levels of condition- 
ing to two different CS’s, light and tone, 
established concurrently in the same 
group of S’s. Controlling for any possible 
effects of the two CS’s per se, the analy- 
sis of the data of this experiment clearly 
shows that a higher level of response 
was given when the CS was paired with 
the strong UCS than in the case in which 
the CS was paired with the weak UCS. 
Since the two conditionings were within 
the same S, the level of D must have 
been the same and thus equal for the 
two CR’s. This performance difference 
reflects, then, a greater development of 
H in the case of the conditioned reflex 
established with the stronger UCS. 

As the number of conditioning trials 
in our several experiments concerned 
with this problem was not sufficient to 
reach the performance asymptote, one 
cannot infer for certain whether it is the 
maximum to which H grows that is re- 
lated to intensity of the UCS, or whether 
it is the parameter determining the rate 
of approach of H to its asymptote. Ex- 


‘amination of the curves from the several 


experiments, including Fig. 1 of the pres- 
ent study, suggests that it is the asymp- 
tote of H which is affected and not the 
rate-of-approach parameter. 

In concluding, we should like to call 
attention once again to the fact that, 
while the findings of these studies may 
be interpreted as supporting the drive- 
reduction versions of reinforcement the- 
ory (5), we prefer to confine our inter- 
pretation to the more general conception 
that habit formation in such aversive 
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types of conditioning is some function of 
the intensity of the UCS. Evidence with 
regard to the precise nature of the rein- 
forcing mechanism in such learning re- 
quires other, presumably physiological, 
types of experimentation. 


K. W. SPENCE 
D. F. Haccarp* 
L. E. Ross 


Department of Psychology. State 
University of Iowa, Iowa City 
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Luminosity Curves of Normal 
and Dichromatic Observers 


The question of the relative heights 
of the luminosity curves of normal and 
color-blind observers is an important 
one for theories of color vision, but one 
which has received very little investi- 
gation. If color blindness is due to the 
absence or inactivation of one or more 
of the normal retinal receptor-types, a 
color-blind observer should demonstrate 
a loss of luminosity in the spectral re- 
gion to which the missing receptors 
would normally respond. If the missing 
receptors were replaced by receptors of 
a different type, it might be expected 
that a corresponding enhancement of 
luminosity would be demonstrable in 
the spectral region to which this type 
of receptor was responsive. Alterations 
in photopigment content of visual cells, 
substitutions or alterations in the photo- 
chemicals themselves, or abnormal reti- 
nal distributions of the receptor-types or 
their neural connections would similarly 
be expected to produce corresponding 
luminosity losses and gains. Thus, com- 
parative studies of the luminosity curves 
of color-defective observers should pro- 
vide some of the facts necessary, but not 
yet available, for evaluation of the vari- 
ous theories of color blindness. 

Unfortunately, conventionally deter- 
mined relative luminosity curves pro- 
vide no basis for direct interobserver 
comparison of luminosities, since there 
is no assurance that the standard light to 


which each test wavelength is matched 
appeared equally bright to each observer. 
Abnormalities in the shapes of such 
curves could be the result of luminosity 
losses, or gains, or both. 

In an attempt to make the desired 
interobserver comparisons, Hecht and 
Hsia in 1946 (1) determined the rela- 
tive energy levels of the foveal thresh- 
olds of several protanopes, deuteranopes, 
and normals, for five colors in a 1-deg 
test field. Plotting relative threshold sen- 
sitivities (reciprocals of relative energy) 
versus wavelength, and measuring the 
areas under these “luminosity curves,” 
Hecht and Hsia concluded that pro- 
tanopes lose 49 percent and deuter- 
anopes lose 39 percent of the luminosity 
of an equal-energy spectrum. Very re- 
cently, Hsia and Graham (2) repeated 
these measurements with other subjects. 
Though their findings differed markedly 
from those of the earlier study, they 
nevertheless concluded that there was 
basic agreement inasmuch as both in- 
vestigations showed luminosity losses for 
deuteranopes as well as for protanopes. 

One objection to this procedure lies 
in the fact that the comparisons of ob- 
servers were made only at the threshold 
of vision in the dark-adapted eye but 
were interpreted in terms of photopic 
luminosities. The stimuli may have been 
confined to foveal cones [though a 1-deg 
test spot probably covers about four 
times the area of the “rod-free” region 
of the fovea (3)], but even this does 
not permit the inference that photopic 
brightnesses are in the same relation to 
each other as are foveal thresholds, 
either when different wavelengths are 
compared for a_ single observer or 
when different observers are compared 
at a single wavelength. To afford a 
basis for photopic comparisons, the use 
of a photopic visual function would be 
preferable to the threshold of cone vision 
as the criterion of equality of bright- 
ness. The criterion employed in the pres- 
ent study was equality of the critical fre- 
quency of flicker-fusion (CFF) (4). 

Nine normals, six deuteranopes, and 
five protanopes served as subjects. The 
flicker apparatus presented a 5-deg test 
field (5) in Maxwellian view to the sub- 
ject, who was positioned by means of a 
mouthbite containing his dental impres- 
sion. Fourteen narrow spectral regions 
were isolated as test lights by means of 
interference filters combined with gela- 
tin filters. Luminance of the test field 
was varied by neutral filters and a neu- 
tral wedge. For these experiments four 
frequencies of intermittence of the test 
light were used: 20, 25, 30, and 40 
flashes per second, with a light-dark 
ratio of 1:1. The subject varied the lu- 
minance of the test field until flicker 
was just eliminated—that is, he set the 
neutral wedge so that the slightest in- 
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crease in field luminance would result 
in the appearance of flicker. Each ob- 
server made five successive settings at 
each frequency for the 14 wavelengths 
tested. 

From the calibration data for the in- 
strument, the average wedge settings 
were translated into relative energies. 
The reciprocal of the energy require- 
ment for the normal observers at 555 mp 
was taken as 100 percent and all other 
findings were computed as relative lumi- 
nosities with reference to this one. The 
results are shown in Fig. 1, together with 
the CIE luminosity curve for the 1931 
standard observer. 

A striking feature of these curves is 
the unusual shape of each, with a sharp 
notch at 570 mp and a hump at 590 
mu. The marked lack of similarity to 
the CIE curve is not unexpected, how- 
ever, for irregularities of this general na- 
ture have been reported by many recent 
investigators, though the sizes and spec- 
tral locations of the variously‘ reported 
humps and notches have varied con- 
siderably. 

The results show that at four photopic 
levels CFF (and, hence, absolute lumi- 
nosities) of lights of wavelengths shorter 
than about 520 mw are substantially 
equal for protanopes, deuteranopes, and 
normals. For longer wavelengths pro- 
tanopes show a loss in brightness, which 
agrees with the usual explanation of pro- 
tanopia as a loss system in which the red 
receptors are absent or nonfunctional. 
Deuteranopes, on the other hand, show 
supernormal brightness at these longer 
wavelengths. The areas under the pro- 
tanope curves average only 64.7 percent 
of the areas under the normal curves, in- 
dicating a luminosity loss in an equal- 
energy spectrum of 35.3 percent, while 
the deuteranopes show an average lumi- 
nosity gain of 36.2 percent. 

The theoretical implications of these 
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Fig. 1. Luminosity curves of normal and 
dichromatic observers, showing relative 
heights at each of four photopic levels. 
Plotted points represent reciprocals of 
relative energies required for flicker-fusion 
at the frequencies indicated. The luminos- 
ity curve of the CIE standard observer is 
included for comparison. 
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findings are numerous and cannot be dis- 
cussed here. Clearly, however, the find- 
ing of deuteranopic brightness enhance- 
ment (and in the spectral region where 
protanopes have brightness reduction) 
constitutes a strong argument against 
any theory of a “loss” basis for deuter- 
anopia and will necessitate careful re- 
examination of other existing theories of 
color vision and color blindness. 
Gorvon G. HreatH 
Division of Optometry, 
Indiana University, Bloomington 
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Biosynthesis of Radioactive 
Mannitol from C*O, by 
Fucus vesiculosus 


It has recently been shown that Fucus 
vesiculosus plants produce large amounts 
of radioactive mannitol during photo- 
synthesis in C#4O, (J, 2). Under favor- 
able conditions as much as 95 percent of 
the radioactivity in alcohol-soluble com- 
pounds, or 65 percent of the total radio- 
activity in the plant, was found in man- 
nitol. This observation suggested a 
possible method for the laboratory-scale 
production of radioactive mannitol to be 
used for subsequent metabolic studies 
(3). 

It was found in earlier experiments 
that the most rapid synthesis of radio- 
active mannitol in F. vesiculosus took 
place when the plants were suspended in 
sea water through which air containing 
10 percent CO, was bubbled (2). In the 
present experiment F. vesiculosus plants 
were collected on a sunny morning in 
October. A sample consisting of 40 g of 
sterile fronds cut into 6-inch lengths was 
immediately prepared and suspended in 
700 ml of fresh sea water in the light 
chamber of a photosynthesis apparatus. 
A detailed description of this apparatus 
is given elsewhere (J). One gram of 
CO, with a total activity of 5 mc was 
released in the photosynthesis apparatus 
to give a gas mixture of 10 percent CO, 
in air, This gas mixture was continuously 
bubbled through the sea water, and its 
C1* content was automatically monitored 


and _ recorded. The plants were held at 
16°C and illuminated by water-screened 
incandescent lamps giving 1600 ft-ca. 

After 23 hours of photosynthesis 90 
percent of the C14 offered had been taken 
up, and since the rate of photosynthesis 
had decreased considerably the experi- 
ment was stopped. The plants were 
rinsed quickly in distilled water and ex- 
tracted thrice with hot 60 percent 
ethanol. The extracts were evaporated 
to a small volume in a vacuum and 
streaked to the short edges of two sheets 
of Whatman seed-test paper. These were 
run downwards with sewn-on wicks and 
stirrups (4) in phenol: water (21:8) for 
5 days, when the solvent front reached 
the bottom of the sheets. The strongly 
radioactive mannitol-containing bands 
were located by autoradiography and cut 
out. They were twice eluted with water, 
and the combined eluates were concen- 
trated to dryness in a vacuum. The crude 
material so obtained was extracted with 
400 ml of boiling n-butanol, from which 
mannitol crystallized on cooling to room: 
temperature. The product was washed 
with 95 percent ethanol and absolute 
ethanol followed by ether, and was then 
dried in a vacuum oven at 50°C. 

The yield was 700 mg of mannitol 
with specific activity of 0.82 mc per mil- 
limole. The recovery of supplied C14 as 
mannitol was 63 percent. The isolated 
mannitol was tested chromatographically 
in butanol: acetic acid: water, butanol: 
ethanol: water, phenol: water, and _pyri- 
dine:ethyl acetate: water solvents and 
was found to contain no detectable sugar, 
amino acid, or radioactive impurities. 
The sensitivity of these tests was suffi- 
cient to reveal 0.2 percent of such im- 
purities. Nonradioactive mannitol pre- 
pared from F, vesiculosus in an identical 
manner, but using C!2O,, was tested for 
specific rotation and melting point with 
the results: melting point (Kofler melt- 
ing point apparatus, corrected), 163° 
to 164°C; authentic mannitol, 165° to 
166°C; mixed melting point with au- 
thentic mannitol, 163° to 165°C; 
[a]26, +28.4° (c=1.03, in borax); 
published value, + 28.3°. 

R. G. S. BiowE.i 
Atlantic Regional Laboratory, National 
Research Council, Halifax, Nova Scotia 
J. S. Craicie 
G. KrorKoy 
Department of Biology, Queen’s 
University, Kingston, Ontario 
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Concept Formation in Chimpanzees 


Abstract. Animals performed with a 
high degree of accuracy on two concept 
problems. The bases of these perform- 
ances, however, differed qualitatively. In 
one problem, successful performance was 
based upon responding to specific stimu- 
lus patterns. In the other problem, suc- 
cessful performance was based upon re- 
sponding to the common element or con- 
cept. 


Learning to respond to a class of stim- 
uli on the basis of some common physical 
characteristic is referred to as “concept 
formation.” Although concept formation 
has been demonstrated in animals (/), 
the experimental analysis of this com- 
plex behavioral process has received 
little attention in recent years. This re- 
port presents some results obtained with 
a new technique for the study of con- 
cept formation (2). 

The two subjects were food-deprived 
chimpanzees. These animals had been 
trained to press a telephone key for food 
reward (reinforcement). Above the tele- 
phone key there were nine small Plexi- 
glas windows arrayed in a 3-by-3 square. 
Stimulus patterns were programmed by 
illuminating some Plexiglas windows 
while leaving others dark. A sequence of 
26 successive stimulus patterns, 13 posi- 
tive and 13 negative, could be pro- 
grammed (3). The positive stimulus pat- 
terns were characterized by a common 
element which was not present in any 
of the negative patterns. 

During the presentation of positive 
stimulus patterns, a 100-response varia- 
ble-ratio schedule of reinforcement was 
in effect—that is, the number of times 
that the subject had to press the key for 
food varied randomly from 1 to 200, 
with a mean of 100 (4). Positive stimu- 
lus patterns terminated at reinforcement. 
During the presentation of negative 
stimulus patterns, extinction was in effect 
—that is, responses were not reinforced. 
Negative stimulus patterns terminated 
when the animal had not pressed the 
telephone key for 1 minute. Experimen- 
tal sessions were interrupted for a 30- 
second “time-out” period after the ter- 
mination of each stimulus pattern and 
ended when 50 reinforcements had been 
delivered (4). The experimental pro- 
cedures were automatically programmed, 
and the results were automatically re- 
corded. 

Two concept problems were investi- 
gated. Initially, on each of these prob- 
lems, the animals were repeatedly ex- 
posed to one sequence of stimulus 
patterns. When the animals’ behavior 
showed no consistent trend, the stimulus 
patterns were presented in a new se- 
quence, but none of the specific stimulus 
patterns was changed. After several ex- 
perimental sessions on ‘the new sequence, 
6 positive and 6 negative stimulus pat- 
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Fig. 1. Representative stimulus patterns and cumulative response curves, showing the 
effects of changing specific stimulus patterns without changing the concept. Sections A 
and B are from the first concept problem; sections C and D are from the second concept 


problem. 


terns were changed. However, the con- 
cept was not changed. 

Representative positive and negative 
stimulus patterns from each of four se- 
quences are shown in the upper sections 
of Fig. 1. The dark squares correspond 
to illuminated windows. Cumulative re- 
sponse records from each of the four 
sequences are shown in the lower sections 
of Fig. 1. Responses during positive and 
negative stimulus patterns were recorded 
separately, and they are presented in the 
upper and lower curves, respectively. 
The short diagonal strokes on these 
curves indicate the points at which stim- 
ulus presentations terminated. The rec- 
ords did not run during the 30-second 
intervals between stimulus presentations. 
Coordinates and representative slopes 
are presented in the lower right corner of 
the figure. 

The stimulus patterns in the upper 
section of Fig. 1A exemplify the first 
concept problem. The illumination of 
the bottom row of windows was the con- 
cept. The cumulative response records 
in the lower section of Fig. 1A show the 
performance that had developed after 
about 100 experimental hours on the 
first sequence of stimulus patterns. The 
animals responded at high rates during 
positive stimulus patterns, but they sel- 
dom responded during the negative stim- 
ulus patterns. When the stimulus pat- 
terns were presented in a new sequence, 
there was no disruption of this perform- 
ance. When 6 positive and 6 negative 
stimulus patterns were changed without 
changing the concept, there was still no 
disruption of the performance. For ex- 
ample, the stimulus patterns shown in 
Fig. 1A were changed to those shown 
in Fig. 1B. Cumulative records from the 
first sequence following the change are 


shown in the lower section of Fig. 1B. 

The stimulus patterns in the upper 
section of Fig. 1C exemplify the second 
concept problem. The illumination of 
three windows was the common element 
in positive stimulus patterns; two or four 
windows were illuminated in negative 
stimulus patterns. The cumulative re- 
sponse records in the lower section of 
Fig. 1C show the performance that had 
developed after about 150 experimental 
hours on this sequence. As in the first 
concept problem, this performance was 
not disrupted when the stimulus _pat- 
terns were presented in a new sequence. 
However, when 6 positive and 6 negative 
stimulus patterns were changed without 
changing the concept, performance was 
markedly disrupted. The changed stimu- 
lus patterns are exemplified in the upper 
section of Fig. 1D; cumulative response 
records from the first sequence following 
this change are shown in the lower sec- 
tion of Fig. 1D. There was excessive ini- 
tial pausing in two of the positive pat- 
terns, and high rates of responding 
prevailed in the negative patterns that 
had been changed. 

The animals developed clear discrimi- 
nations on both concept problems. 
Neither discrimination was affected by 
changing the sequence in which the 
stimulus patterns were presented. How- 
ever, the discriminations were differen- 
tially affected by changing specific stim- 
ulus patterns without changing the 
concept. Thus, the discriminations were 
qualitatively different. In the first con- 
cept problem, the discrimination was 
based upon response to the common ele- 
ment. In the second concept problem, 
the discrimination was based upon re- 
sponse to specific stimulus patterns— 
that is, the chimpanzees were respond- 
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ing appropriately to at least 12 specific 
stimulus patterns presented in succes- 
sive fashion. In further studies, it would 
be possible to determine the maxi- 
mum number of specific patterns to 
which these animals could respond ef- 
fectively. Until such studies have been 
completed, investigations of complex dis- 
criminations with chimpanzees should be 
interpreted with caution, until the bases 
of the discriminations have been assessed. 
With the procedure described above, 
concept formation was a function of the 
concept problem. The common element 
of the first concept problem (the bottom 
row of windows) had a specific spatial 
location; the common element of the sec- 
ond concept problem (any three win- 
dows) did not. This difference in the 
level of abstractness of the two problems 
may have been an important factor. 
With a different procedure, the chimpan- 
zees could probably have been trained 
to respond to the common element of 
the second concept problem. If the stim- 
ulus patterns were changed after each 
sequence without changing the concept, 
for example, the animals would have 
been unable to maintain a discrimination 
by responding to specific patterns. 
Rocer T. KELLEHER* 
Yerkes Laboratories of Primate Biology, 
Orange Park, Florida 
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Interpretation of Properdin 
Levels Determined by Phage 
Neutralization Technique 


It has been demonstrated by Van 
Vunakis, Barlow, and Levine (1, 2) that 
the properdin system neutralizes the 
Escherichia coli phage T2r+ (3). These 
authors have described a precise and 
reproducible procedure for determining 
the phage neutralizing (PhN) activity 
of human serum and have suggested that 
it affords a means of measuring pro- 
perdin levels (4). In brief, the technique 
measures phage neutralizing activity in 
terms of the amount of serum (PhN,,) 
required to neutralize 50 percent of the 
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Table 1. Neutralization titers of human sera tested with T2, T6, and T7 bacteriophage. 
Diluent: 0.126M Veronal buffer, pH 7.4 to 7.6, containing 0.1 percent 5X crystalline 
bovine serum albumin (Armour & Co.), Ca** (0.00015M), and Mg** (0.0005M). Pro- 
cedure: Reaction mixture tubes, sitting in an ice bath, were prepared, diluent (to give 
a final volume of 1.5 ml), serum dilutions, and phage (0.5 ml containing 7.5 x 10* infec- 
tious units) being added in that order. The tubes were well mixed and incubated for 90 
minutes at 37°C. They were then chilled, diluted, and titrated for residual phage. PhNso 





titers were calculated as described by Barlow et al. (4). 











PhN»/ml and indicator phages* Hemolytic 
Serum ame as oe titer 
12 T6 c7 (C’H»/ml) 
_NH 20 24 19 24 
B 15 20 28 Not done 
KC 12(12) 28 (24) 42(40) 31 
G 25 (22) 19(16) 7(8) 31 
DM 24 (24) 24(21) 56 (43) 30 
SB 16(14) 27(27) 4(3) 32 
AC 9(8) 26(25) 13(10) 28 
DB 15 31 35 41 








* Figures in parenthesis are serum titers determined 3 to 4 months after the initial assay. Sera were stored 


at — 35°C. 


phage introduced into the system under 
the experimental conditions used. Dur- 
ing the course of an investigation of the 
influence of complement (C’) on the 
neutralization of bacteriophage by im- 
mune antibody, some observations have 
been made that indicate the necessity 
for caution in interpreting properdin 
titers determined by the phage pro- 
cedure. In addition, these findings sug- 
gest that concepts concerning the nature 
of the properdin system should be care- 
fully reconsidered. 

Several different phages of the T series 
(T2, T6, and T7) were to be used in 
this study, but the presence of normally 
occurring neutralizing substance (pro- 
perdin) in the guinea pig serum being 
used as a C’ source presented an obvious 
complication. As was indicated by Bar- 
low et al. (2), repeated absorptions of 
the serum with zymosan resulted in a C’ 
reagent essentially devoid of phage neu- 
tralizing activity. The present report 
stems from the observation. that, prior 
to absorption with zymosan, this serum 
neutralized these three phages to varying 
degrees. It was wondered whether this 
variation could be attributed to a dif- 
ference in susceptibility of the phages, 
or whether it perhaps indicated that this 
serum contained varying amounts of 
neutralizing substances directed against 
the different phage types. It was felt 
that these questions could possibly be 
answered by assaying several sera and 
by using all three phage types. If the 
differences observed were due to vary- 
ing susceptibility of the phages to a 
single neutralizing substance, one would 
expect the ratio of serum titers obtained 
with the three different phages to re- 
main approximately constant from one 
serum to another. On the other hand, 
the failure to obtain such a correlation 
would suggest that the neutralizing sub- 
stance(s) had some degree of specificity 


and could be present in different sera in 
varying amounts. 

Several human sera showing normal 
hemolytic C’ levels were assayed for ac- 
tivity against T2, T6, and T7 phages by 
a procedure similar to that described by 
Barlow, Van Vunakis, and Levine (4, 5). 
Heated serum samples were included in 
all cases, and no significant neutraliza- 
tion was found. As is shown in Table 1, 
no constant ratio occurs—that is, the 
phage neutralizing activity of a serum 
against one of the phage types does not 
necessarily correlate with its activity 
toward the other two. It is clear that 
if one were to use the neutralization of 
T6 or T7 as an indicator of serum pro- 
perdin levels, one might obtain a dis- 
tinctly different impression than he would 
if T2 were used. It is obvious that cir- 
cumspect judgment is necessary in the 
evaluation of properdin levels deter- 
mined by this procedure, and indeed, 
the question of the true nature of pro- 
perdin is raised. 

These findings not only raise the ques- 
tion of the significance of properdin lev- 
els determined by the phage technique 
but also indicate that properdin may 
have some degree of specificity which is 
suggestive of antibody. Nelson (6) has 
presented evidence and a hypothesis sug- 
gesting that the properdin system may 
be explained in terms of normally occur- 
ring antibody operating in conjunction 
with C’ without introducing the concept 
of the new entity, properdin. Skarnes and 
Watson (7) have indicated that proper- 
din and normal antibody may be the 
same substance in view of the numerous 
properties shared by them. 

From the data given in the present 
report, and also from the failure of 
others to find a satisfactory correlation 
between properdin titers determined by 
the zymosar. assay method (8) with 
those determined by the phage tech- 
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nique (4) or the tanned erythrocyte 
procedure (9), it is suggested that these 
discrepancies may be attributable to the 
fact that different substances are being 
measured by the different indicator sys- 
tems. Thus, one is drawn to the conclu- 
sion that either there are several dif- 
ferent properdins, or that properdin is 
a family of cross-reacting antibodies 
capable of combining with zymosan. 
The inability to correlate properdin 
levels determined by the various pro- 
cedures might then be due to the fact 
that antigens such as tanned erythro- 
cytes, T2, T6, and T7 phage are meas- 
uring a specific portion of the properdin 
or normal antibody pool which may 
vary both in quantity and quality from 
serum to serum. 

Before the conclusion is drawn that 
properdin is normal antibody, however, 
one distinguishing feature of the pro- 
perdin system should be stressed. This 
is the demonstration by Pillemer e¢ al. 
(10) that C’ is required not only for the 
manifestation of the viricidal, bacteri- 
cidal, and hemolytic reactions attributed 
to the properdin system but also for the 
combination of properdin with zymosan 
and other polysaccharides reactive in the 
system. While C’ may be essential for 
bactericidal and hemolytic reactions by 
immune antibody, it is clear that it is not 
required for the formation of antigen- 
antibody complexes. Thus, if properdin 
is to be considered normal antibody, it 
will be necessary to revise our concepts 
concerning the nature of normal anti- 
body-antigen reactions in order to incor- 
porate C’ as an essential cofactor. While 
it may be premature to postulate a role 
for C’ in such reactions, the multivalent 
or cross-linking concept of C’ as pre- 
sented by Weigle and Maurer (//) might 
be considered with respect to this prob- 
lem. It is possible to envisage C’ as a 
stabilizer of readily dissociable immune 
complexes by virtue of its cross-linking 
activity. Thus, it might both play a role 
in the formation of certain low-avidity 
antibody-antigen complexes and_ serve 
as an essential component for the mani- 
festation of such unions where bacteri- 
cidal or hemolytic reactions are involved. 
It is hoped that experiments being under- 
taken may shed further light on the role 
of C’ in properdin or normal antibody 
reactions, or both (/2). 

KeirH M. Cowan 
Department of Microbiology, 
Yale University, and 
Howard Hughes Medical Institute, 
New Haven, Connecticut 
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Infection of Human Volunteers 
with Type 2 Hemadsorption Virus 


The hemadsorption viruses, types 1 
and 2, are new members of the myxo- 
virus group which have recently been 
recovered from infants and children with 
respiratory illness (7). Subsequent stud- 
ies have provided evidence that a con- 
siderable proportion of respiratory illness 
in children during the winter of 1957- 
1958 was associated with the hemad- 
sorption viruses (2). A study to deter- 
mine whether type 2 virus could produce 
infection and illness in adults was per- 
formed with male volunteers (3). Al- 
though placebo controls were not em- 
ployed in this pilot study, valuable 
information was acquired because illness 
was correlated with the occurrence of 
infection. 

The virus used for the inoculum was 
derived from an infant with acute laryn- 
gotracheobronchitis. The original throat 
swab specimen from this infant was in- 
oculated into a monkey kidney tissue- 
culture flask maintained with Eagle’s 
basal medium without serum. After 7 
days’ incubation at 36°C the tissue cul- 
ture fluid was filtered through a Selas 
0.03 filter and stored at — 50°C. Safety 
tests were carried out in monkey kidney 
and HeLa‘cultures and in suckling and 
adult mice, guinea pigs, rabbits, and 
various bacteriologic media. No bacteria 
or contaminating viruses were detected. 

Thirty-two healthy male volunteers, 
ranging in age from 21 to 46 years 


(mean, 28 years) were selected from 
among the inmates at the Patuxent In- 
stitution at Jessup, Md. Seven of the 
men did not have neutralizing antibody 
for type 2 virus. The remaining 25 vol- 
unteers had antibody levels of 1:4 to 
1:128 (mean of 1:21). The volunteers 
were isolated in separate cells and had 
an independent medical examination 
each day by two physicians. The labo- 
ratory techniques for virus isolation, 
virus identification, and serologic test- 
ing by hemagglutination-inhibition, com- 
plement-fixation, and neutralization have 
been described (/). 

Each volunteer was given a total of 
1 ml of undiluted tissue culture fluid by 
swabbing the posterior oropharynx and 
the lower palpebral conjunctivae and by 
spraying and instillation into the nose 
and oropharynx. Each volunteer received 
80 TCD,, as determined by a simultane- 
ous titration. 

Throat swabs taken from all the vol- 
unteers on the 2nd, 3rd, 6th, and 7th 
days were tested simultaneously for virus 
in monkey kidney tissue culture by the 
hemadsorption technique (4). Type 2 
virus was recovered from 24 of the men. 
Virus was not detectable on the 2nd day 
after inoculation but was isolated from 
10 of the volunteers on the 3rd day. 
Twenty-two were positive on the 6th 
day, with 12 of the isolations coming 
from individuals with a negative test on 
the 3rd day. Nineteen volunteers had 
virus on the 7th day, with two of these 
individuals shedding virus for the first 
time. 

A total of 25 men developed a rise in 
antibody for type 2 virus. Each of the 
volunteers from whom virus was recov- 
ered had a serologic response. Twenty- 
two men developed a rise in neutraliz- 
ing antibody, 18 in hemagglutination- 
inhibition antibody, and 14 in comple- 
ment-fixing antibody. The one individual 
with a positive serologic response from 
whom virus was not recovered devel- 
oped antibody demonstrable by neutrali- 
zation, hemagglutination-inhibition, and 
complement-fixation. None of the vol- 
unteers developed a rise in complement- 
fixing antibody for adenovirus or Asian 
influenza. 

When clinical illness faifed to develop 
by the 5th day, the men were released 
from isolation. On the 6th day, however, 
six of the men reported to the infirmary 
complaining of respiratory illness and 
immediately all volunteers were returned 
to isolation. Examination of the other 
volunteers revealed that additional indi- 
viduals had onsets of respiratory illness 
on this day. The onset of these illnesses 
coincided with the time when the great- 
est number of volunteers had virus de- 
monstrable in their upper respiratory 
tracts. For the most part the illness was 
mild with prompt and uneventful recov- 
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ety occurring within 2 to 3 days. The 
volunteers were released from isolation 
on the 11th day. 

The most common symptoms of this 
“cold-like” illness were nasal obstruction 
and discharge, coughing, and sneezing. 
Less frequent were sore throat, head- 
ache, ocular complaints, vague chest 
pain after coughing, and _ chilliness. 
Aches, vomiting, anorexia, and hoarse- 
ness were present in an occasional in- 
dividual. Physical examination revealed 
a reddened edematous pharynx at the 
onset of clinical symptoms. A rhinorrhea 
that was serous and later mucoid, and 
inflamed nasal mucosa and tonsils, were 
the next most common findings. Four 
individuals had lacrimation and a mild 
conjunctivitis. Lung fields were clear by 
auscultation, percussion, and x-ray. Four 
men, one of whom showed no evidence 
of infection, had a low-grade fever (100 
to 101°F). White blood counts were 
within normal limits. 

Eighteen of the volunteers developed 
clinical illness. In this group, 17 were 
shown by laboratory tests to have been 
infected with type 2 virus; this agent 
was isolated from 16 of the men, and 
the remaining volunteer developed an 
antibody rise. In the group of 14 who 
did not become ill, only eight were in- 
fected with type 2 virus. A significant 
correlation between clinical illness and 
infection is suggested by the data (P 
equals 0.035 by the chi-square test with 
Yates correction for small numbers). 
The physicians who examined the vol- 
unteers were in good accord about what 
constituted clinical illness. 

Eight days after the premature re- 
lease of the volunteers from isolation a 
small outbreak of respiratory illness oc- 
curred in the general prison population. 
Eighteen individuals who were not in the 
study became ill with a mild “cold-like” 
illness without fever that lasted 2 to 3 
days. Type 2 virus was recovered from 
eight of the individuals in this group. 

The results of this study suggest that 
type 2 virus can cause respiratory illness 
in adults. This conclusion is consistent 
with the findings of previous epidemio- 
logic investigations which indicated an 
association of this virus with minor as 
well as severe respiratory illness in small 
children (2). 

It is of interest that of the 25 men who 
were infected with as small a quantity 
of virus as 80 TCD,,, 18 had neutraliz- 
ing antibody levels of 1:4 to 1:64 (mean 
of 1:13) prior to challenge. Previous an- 
tigenic experience either with type 2 
virus or a related agent may be one of 
the factors responsible for the mildness 
of the observed illness. The prolonged 
incubation period seen with type 2 virus 
is not unlike that observed with a nasal 
secretion (NS 111) employed by Jack- 
son et al. in their volunteer studies (5). 
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In the present study the apparent long 
incubation interval could reflect either a 
property of the virus or the small size 
of the challenge inoculum. 
Tuomas E. REICHELDERFER 
Rosert M. CHANOCK 
Joun E. CraicHEAD 
Rosert J. HUEBNER 
Horace C. TurNER, WALTER JAMES 
National Institute of Allergy and 
Infectious Diseases, National Institutes 
of Health, Bethesda, Maryland 
Tuomas G. Warp 
Department of Virology, Lobund 
Institute, University of Notre Dame, 
Notre Dame, Indiana 
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Induction of Tolerance of Skin 
Isografts from Male Donors 
in Female Mice 


In certain inbred strains of mice, 
Eichwald and Silmser (/) and subse- 
quently other workers (2) have ob- 
served that whereas skin isografts—that 
is, grafts transplanted between members 
of the same inbred strain—are perma- 
nently accepted when transplanted be- 
tween animals of the same sex or from 
females to males, females usually reject 
grafts from male donors after an initial 
period of well-being of highly variable 
duration. Similar results have been ob- 
tained with isografts of thymic and of 
lymph node tissue (3). 


Table 1. Fate of skin isografts transplanted 
to mice of the C57BL/6 strain. 


Sex Distribution of survival 
— No. times of grafts (days) 
Recip- grafted 

Donor  ient <30 >30<60 >60 
M M 16 16 

F F 23 23 
F M 29 29 
M F 29 9 16 4* 
M Fy 20 20 


* Breakdown of three of these grafts was complete 
by 100 days. 
t Injected at birth with male spleen cells, 


The most obvious and acceptable ex- 
planation of this rejection of tissues of 
male origin by the females is that origi- 
nally postulated by Eichwald and Silm- 
ser (1). Like the destruction of skin 
homografts transplanted between mice 
of different strains, it is the result of an 
immunological response or sensitization 
on the part of the host against a “for- 
eign” transplantation antigen (or anti- 
gens) in the graft, determined, in the 
present instance, by a histocompatibility 
gene (or genes) located on the Y chro- 
mosome and therefore not present in 
females. The strongest evidence in sup- 
port of this immunogenetic interpreta- 
tion is the fact that a female which has 
already rejected a male graft will reject 
a subsequent graft from a male donor 
much more rapidly (/)—that is, there 
is a “second-stage phenomenon” (4), as 
with skin homografts. Attempts to dis- 
cover an endocrinological factor in the 
rejection of these male isografts have 
so far been unsuccessful (35). 

In an attempt to obtain further evi- 
dence that the rejection of male tissues 
by females is a straightforward trans- 
plantation immunity phenomenon, we 
have attempted to induce a state of im- 
munological tolerance (6) in female 
mice with respect to the putatively anti- 
genic tissues from male donors. For this 
work mice of the C57BL/6 strain were 
employed, since the females were known 
to reject male grafts with almost com- 
plete uniformity and more rapidly than 
females of the other strains so far in- 
vestigated. In our control series (Table 
1), 28 of 29 females rejected grafts 
from male donors within 100 days, the 
median survival time of these grafts, 
with its confidence limits, being 33.8 
(28 to 41 days). 

Forty-seven newborn mice, belonging 
to seven litters, were each injected intra- 
venously with a suspension containing 5 
to 10 million living spleen cells prepared 
from adult male donors. When the ani- 
mals had grown up, each of the 20 fe- 
males present was challenged with a 
graft of isologous skin from a male 
donor. These grafts have now been under 
careful observation for 60 days. The fact 
that all of them are still in perfect con- 
dition, with excellent hair crops, demon- 
strates that a very high degree of toler- 
ance must have been conferred upon the 
females as a consequence of their ex- 
posure to the “male” antigen (or anti- 
gens) at birth. 

Besides giving strong support to the 
straightforward immunogenetic explana- 
tion of the rejection of male isografts 
by females, the present findings show 
that the induction of a very high degree 
of tolerance is possible, even in response 
to an exceedingly feeble antigen. Atten- 
tion is also drawn to the fact that an 
inbred strain in which practically all the 
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females reject male grafts may be re- 

garded as a ready-made source of “iso- 

genic resistant” (7) animals, and this 

may have some practical application for 
immunological studies (8). 

R. E. BittincHAM 

W. K. Sitvers 

Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania 
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Effects of Intracerebral 
Injection of Anticholinesterase 
Drugs on Behavior in Rats 


Krech, Rosenzweig, et al. have re- 
ported that the level of cholinesterase in 
localized brain areas correlates with the 
maze learning behavior of rats (1). Ani- 
mals that utilized visual cues (visual 
hypothesis) to run an insoluble maze 
had a lower average cholinesterase activ- 
ity in visual and somesthetic areas than 
those that followed spatial cues (spatial 
hypothesis). These workers proposed (i) 
that the cortical cholinesterase level is di- 
rectly proportional to the rate of cortical 
acetylcholine metabolism; (ii) that a 
high level of acetylcholine metabolism 
implies a readier synaptic transmission 
of impulses, which is responsible for the 
more adaptive, probabilistic, spatial hy- 
pothesis; and (iii) that a low rate of 
acetylcholine metabolism results in a 
more stimulus-bound, visual hypothesis. 
An indirect test of these propositions was 
the finding that rats displayed increased 
visual hypotheses in maze running after 
intraperitoneal injection of small doses 
of pentobarbital sodium. This drug in- 
hibits acetylcholine synthesis (2). 

In the study reported here (3), at- 
tempts were made to test whether the 
cortical level of acetylcholine influences 
the maze running behavior of rats. Two 
anticholinesterase drugs, physostigmine 
(eserine) and diisopropyl fluorophos- 
phate (DFP), were injected either di- 
rectly into the visual or somesthetic cor- 
tex, or directly into one of the lateral 
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ventricles. Such injections were expected 
to inhibit cerebral cholinesterase, lead- 
ing to an increase in cortical acetyl- 
choline. A subsequent shift from visual 
to spatial hypotheses in rats so treated 
would support the propositions set forth 
above. 

Thirty-four naive male hooded rats, 
3 to 4 months old, were used (4): 13 of 
the Tryon Maze-Bright strain $1 (spatial 
hypothesis), 13 of the Tryon Maze-Dull 
strain $3 (visual hypothesis), and 8 of 
a crossed strain between these two (S13). 
The experimental period for each rat 
ranged from 25 to 115 days. We used a 
four-unit Y-maze (5), and followed the 
training method and schedule of rein- 
forcement used by Krech e¢ al. 

All animals were operated upon under 
ether anesthesia. Four 4%-in. holes were 
made in the skull, bilaterally above the 
visual and somatic areas, for intracorti- 
cal injections. Such injections were 
made, without use of anesthetic, by in- 
serting a 26-gauge needle, 2.5 mm long, 
through the skin and into the _ holes. 
Sometimes 2 percent procaine hydro- 
chloride was put on the scalp before in- 
jection. For intraventricular injection, a 
ventricular tube was implanted unilater- 
ally with stereotaxic apparatus (6). To 
make such injections, a 27-gauge needle, 
long enough to reach the lateral ven- 
tricle, was inserted through the tube. 

After appropriate taming and food 
deprivation, preliminary training con- 
sisted of 6 days in which the rats were 
given either a random-reward or a pro- 
gressive-reward schedule. Drug experi- 
ments were run with a random-reward 
schedule. Twelve trials (48 choices 
were given each day. There were 2 days 
of testing with drug injection, 2 days of 
testing with saline injection, and then 


2 days of testing without injection. This 
sequence was repeated on the same rats 
up to five times. Seven micrograms of 
eserine or DFP, in 0.10 ml of saline, 
were injected into both visual cortical 
areas or both somatic areas of each ani- 
mal on each day of intracortical injec- 
tion. This dosage was found to be just 
subconvulsive. For intraventricular in- 
jection, three different concentrations of 
eserine were used (2, 4, and 7 ug in 0.05 
ml of saline). In control experiments, 
the appropriate volume of normal saline 
was used. Since some fluid may back 
out from the needle track after injection, 
the actual amount and distribution of 
drug in the brain was uncertain (7). 

No overt behavioral effects were ob- 
served in about 30 percent of the drug 
injections. In the remaining 70 percent 
of the cases (see Table 1) .general be- 
havioral disturbances of various sorts 
were evident. These ranged from exces- 
sive washing, grooming, and chewing to 
tremor, ataxia, incoordinated walking, 
and, after intraventricular injection, cir- 
cling to the side opposite the injection. 
Finally, grand mal convulsions occurred 
in 16 cases after drug injection and in 
six cases after saline injection. The rats 
usually started to run the maze immedi- 
ately after injection. When there were 
severe motor disturbances or convul- 
sions, they remained immovable for peri- 
ods of from 5 to 15 minutes before run- 
ning. 

The results of maze testing are sum- 
marized in Table 1. The number of 
choices of each rat for each day was cal- 
culated, according to the criterion of 
Krech et al., as visual hypothesis, spatial 
hypothesis, or no hypothesis (a mini- 
mum of 33 out of 48 choices of light or 
dark was scored as visual hypothesis, of 


Table 1. Total number of days on which rats of each strain displayed visual, spatial, or 
no hypothesis behavior, and general behavioral disturbances under each of the experi- 
mental conditions. The number of days of testing of each rat varied from 4 to 30. Every 
rat of each strain was not run under all the conditions. S, spatial hypothesis; V, visual 


hypothesis; No, no hypothesis; Beh, general behavioral disturbances; 


area; Som., somatic area. 


S:(spatial) N = 13 
Injection 


Occ., occipital 


S: (visual) N = 13 Sis(mixed) N = 8 





S V No Beh S V No Beh S WV.,No Beh 
Intracortical cvnghele Protec: ( 
Eserine, Occ. i og 5 1 7 + 10 4.5744 2 
Eserine, Som. 7 3 3 10 6 9 5 12 Day ee + 
DFP, Occ. i a 6 2 6 1 6 — — — 
DFP, Som. SE" Se 7 0 7 1 6—- —- —- — 
Saline, Occ. eh ee. 0 5 9 2 pile! EE. gee 0 
Saline, Som. 13 0 3 3 4 12 2 1 3 0 3 0 
No injection an ee 0 11 27 8 Q. 3 1 5 
Intraventricular 

Eserine (2 ug) A at 1 1 . See: ne ere Fe 0 
Eserine (4 ng) a ae 4 0 8 2 S21 eg 1 2 
Eserine (7 ug) ee 13 2 eS” 0 5 Ge Gaee 5 
Saline M4 62.64 3 3 ia » Ree ee eek 1 
No injection aa 0 2. ee 6 GS ize 0 
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left or right as spatial hypothesis). The 
number of days on which rats of each 
strain showed any one of the hypotheses 
was summed under each of the experi- 
mental conditions. The results showed 
no significant differences in hypothesis 
behavior after drug, or saline, or no in- 
jection. There was also no difference in 
the actual number of choices of the rats. 
The animals maintained their behavioral 
pattern whether they were run under 
drug the first time or the fifth time, and 
whether they had had the random-re- 
ward or progressive-reward- schedule 
during the preliminary training. To 
check the possibility that drug effects 
might not persist through the entire run- 
ning period, we used the t-test to com- 
pare the average scores of the first six 
trials against the last six trials of each 
session within each strain of rat under 
drug injection (only those cases with gen- 
eral behavioral effects were included). 
The results showed no significant differ- 
ence. It was striking that the animals, in 
spite of gross motor difficulties, forced 
circling, or convulsions between trials, 
ran the maze according to their usual 
way. Direct injection of eserine or DFP 
into the brain of rats affected general be- 
havior in the fashion described, suggest- 
ing that such injections had achieved the 
expected alteration in cortical acetyl- 
choline levels. The fact that such injec- 
tions did not alter the hypotheses dis- 
played by these animals in running a 
maze seems to indicate that hypothesis 
behavior is not dependent on cortical 
levels of acetylcholine. 

Kao Lianc CHow 
Department of Physiology, University 
of Chicago, Chicago, Illinois 

E. Roy Joun 

Department of Physiology, 
University of California Medical 
School, Los Angeles 
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spread to about 2 mm around the site of injec- 
tion after 5 min, but to the entire forebrain at 
the end of 15 min, mostly in the subarachnoid 
space and the lateral ventricles. The brains of 
some experimental animals were serially sec- 
tioned and stained with thionin. There was 
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ness of the cortex at the site of intracortical 
injection. These cavities were lined with glia 
cells but not encapsulated with connective tis- 
sue. In the case of intraventricular injection, 
besides the needle tract there was sometimes 
slight damage to structures around the ven- 
tricle. 
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Concerning a Pigment Commonly 
Attributed to the Presence of 
Leuco-Anthocyanin 


When an attempt was made to esterify 
a certain acidic fraction of the water- 
soluble part of a leaf extract (for exam- 
ple, Rhododendron ponticum L.) with 
boiling 1 percent methanolic hydrochlo- 
ric acid, the gradual formation of an in- 
tense ruby-red coloration was noted. A 
similar observation had been made pre- 
viously by O. Rosenheim (1), who as- 
sumed that a colorless modification of a 
pigment present in young leaves and 
stems of the grape (Vitis vinifera L.), 
for which he proposed the general term 
leuco-anthocyanin, was converted by 
strong acids into what he regarded to be 
an anthocyanidin. To establish the dis- 
tribution of the supposed leuco-antho- 
cyan[idjin in the plant kingdom, this 
method has been applied to leaves of 
several hundred species of plants (2) 
and to a large variety of other plant 
materials (3). In the majority of cases, 
the coloration was attributed to the for- 
mation of cyanidin and only exception- 
ally to delphinidin, though no instances 
are recorded where the anthocyanidin 
had in fact been isolated or its charac- 
teristic absorption curve shown. 

In the course of an investigation into 
the nature of the acidic constituents of 
leaves, humic acid was isolated (4). On 
heating with 1 percent methanolic hy- 
drochloric acid a pigment was formed, 
the optical, chromatographic, and chem- 
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Fig. 1. Optical curve of pigment. 
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Fig. 2. Optical curve of cyanidin. 


ical behavior of which was identical with 
that of the pigment obtaified when leaves 
and other plant materials were treated 
with strong acids, Furthermore, the opti- 
cal curve of this pigment differs entirely 
from that of any known anthocyanidin. 
It shows two characteristic maxima (Fig. 
1) in the visible part of the spectrum, 
one at 548 mp, E=1.76, the other at 
459 mu, E=1.58 (1 percent methanolic 
hydrochloric acid) in contrast to the sin- 
gle maximum (Fig. 2) shown by cyan- 
idin at 537 mp, E=1.83 (1 percent 
methanolic hydrochloric acid). Also, un- 
like any anthocyanidin, this pigment is 
readily decolorized by an alkaline me- 
dium such as sodium hydrogen car- 
bonate. 

So consistent was the formation of this 
pigment in the case of different plant 
materials that the color reaction can be 
considered diagnostic for humic acid, 
which is almost ubiquitous in the plant 
kingdom. The chemical and optical 
properties of the pigment suggest that 
it is of the trialkyl-methane type and is 
probably derived from the complicated 
molecule of humic acid by dehydration 
and condensation with the aldehyde 
group present (5). 

Harry RAuDNITz 
Department of Forestry, 
University of Oxford, England 
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Meetings 
Sedimentology 3 


The fifth International Congress of 
Sedimentology met in Geneva and Laus- 
anne, Switzerland, 2-7 June, under the 
presidency of Carl Correns of Gottingen, 
Germany. Approximately 150 delegates 
from 19 countries attended, the largest 
groups coming from France, Switzerland, 
Holland, Germany, the United States, 
the Soviet Union, and Italy. Two and a 
half days were devoted to sessions, the 
rest to well-planned field trips. Added to 


the latter were four days of postsession 
excursions in the Alps between Lake 
Geneva and Bern. The friendly, informal 
leadership of Augustin Lombard and Ar- 
nold Bersier, hosts respectively at Geneva 
and Lausanne, added much to the spirit 
of cordial relations which existed, and 
there was no sign of past or present in- 
ternational strife. The languages of the 
session were principally French and Eng- 
lish, plus a considerable amount of Ger- 
man. 

The principal topic of discussion. in 
lectures and field trips was the origin of 
the Flysch and Molasse types of sedimen- 
tation, which represent respectively the 
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deep trough facies formed in front of the 
youngest Alps and the overlying alluvial 
fans formed after the deep basins had 
been filled. Similar facies have been rec- 
ognized in many other mountain ranges. 
One of the most interesting and still un- 
answered questions is the extent to which 
turbidity currents supplied sediments to 
the Flysch; in the discussion on this sub- 
ject Kuenen of Holland played a leading 
part. To many of us at the congress, the 
alternation between the deep-water shales 
and the breccias or conglomerates seemed 
to be the most conspicuous feature of 
the Flysch shown to us. This would ap- 
pear to indicate the importance of sub- 
marine slumping along the sides of the 
deep trough. Graded bedding, found less 
commonly, was evidence of occasional 
turbidity currents. 

Sessions devoted to recent sediment 
studies also aroused interest. Bezrukof of 
the U.S.S.R. gave some of the results of 
the recent Russian expeditions in the Pa- 
cific. The results included obtaining the 
longest cores on record (34 meters), the 
deepest cores (about 10,000 meters in 
the Kuril trench), and the g-eatest 
sounding depths (10,990 meters in the 
Mariana trench). As in many other deep- 
water samples, an alternation between 
fine clays and coarse sediments was 
found. 

Other papers attempted to compare 
recent sediments with ancient. The con- 
vening of specialists in the study of recent 
and old sediments to discuss the geologi- 
cal interpretations of ancient rocks 
proved to be a very important function 
of this congress. 

The next meeting will be held in Co- 
penhagen, 15-25 Aug., 1960, in connec- 
tion with the International Geological 
Congress. 

Francis P. SHEPARD 
Scripps Institution of Oceanography, 
La Jolla, California 


Vertebrate Speciation 


A grant has been made by the Na- 
tional Science Foundation to the Uni- 
versity of Texas to assist travel by 
graduate students to a Conference on 
Vertebrate Speciation to be held in 
Austin, Tex., 27-31 October. Persons 
wishing further information should con- 
tact W. Frank Blair, Department of 
Zoology, University of Texas, Austin 12, 
Texas. 


Insulin in Psychiatry 


An International Conference on the 
Insulin Treatment in Psychiatry has been 
arranged 24—25 October for the purpose 
of presenting recent advances in the basic 
aspects and the clinical uses of Sakel’s 
discovery. The meeting will take place 
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at the New York Academy of Medicine, 
5th Ave. and 103 St., New York. It is 
cosponsored by S. Bernard Wortis, pro- 
fessor of psychiatry and neurology, New 
York University; D. Ewen Cameron, pro- 
fessor of psychiatry, McGill University; 
and Jacques S. Gottlieb, professor of psy- 
chiatry, Wayne State University. All those 
interested are invited to attend. For 
further details write to Dr. M. Rinkel, 
479 Commonwealth Ave., Boston 15, 
Mass., or Dr. A. K. Bernath, 985 5th 
Ave., New York 21, N.Y., or Dr. H. E. 
Hemwich, Galesburg State Research 
Hospital, Galesburg, III. 


Forthcoming Events 


October 


24-25. Taxonomic Consequences of 
Man’s Activities, symp., St. Louis, Mo. 
(H. C. Cutler, Missouri Botanical Gar- 
den, St. Louis. ) 

30-1. American Assoc. of Textile Chem- 
ists and Colorists, 37th natl. conv., Chi- 
cago, Ill. (J. G. Kelley, E. I. duPont de 
Nemours & Co., Inc., 7 South Dearborn 
St.. Chicago 3.) 

31-1. Central Soc. for Clinical Re- 
search, 3lst annual, Chicago, Ill. (A. S. 
Weisberger, CSCR, Suite 1215, 25 East 
Washington St., Chicago. ) 
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November 

2-7. Radiology, 6th Pan American 
cong., Lima, Peru. (M. Lesende, Inter- 
American College of Radiology, Tucuman 
1516, Buenos Aires, Argentina. ) 

3-4, Italian Soc. of Nuclear Biology 
and Medicine, 3rd cong., Florence, Italy. 
(Segreteria della Societé Italiana di Bi- 
ologia e Medicina Nucleare, Clinica 
Medica, Pisa, Italy.) 

4. Use of 650 and 704 Computers for 
Structure Analysis, conf., Pittsburgh, Pa. 
(G. A. Jeffrey, Dept. of Chemistry and 
Physics, Univ. of Pittsburgh, Pittsburgh 
135) 

4-7. American Soc. of Tropical Medi- 
cine, Miami Beach, Fla. (R. B. Hill, 3575 
St. Gaudens Rd., Miami 33.) ; 

4-11. International North Pacific Fish- 
eries Commission, 5th annual (by invita- 
tion), Tokyo, Japan. (R. I. Jackson, 209, 
Wesbrook Building, Univ. of British Co- 
lumbia, Vancouver 8, Canada.) 

5-7. Society for Applied Spectroscopy, 
annual, New York, N.Y. (P. Lublin, Syl- 
vania Electric Products Inc., Bayside, 
N.Y.) 


5-7. Society of Rheology, annual, Phila- 


delphia, Pa. (W. R. Willets, Titanium 
Pigment Corp., 99 Hudson St., New York 
13) 

6-7. Lead Hygiene Conf., Chicago, IIl. 
(M. Bowditch, Lead Industries Assoc., 60 
E. 42 St., New York, 17.) 

6-7. Nuclear Science, 5th annual, San 
Mateo, Calif. (H. Pratt, IRE, 1 E. 79 St., 
New York 21.) 

6-8. Geochemical Soc., St. Louis, Mo. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford, Calif.) 

6-8. Geological Soc. of America, St. 
Louis, Mo. (H. R. Aldrich, 419 W. 117 
St., New York 27.) 

6-8. Gerontological Soc., 11th annual 
scientific meeting, Philadelphia, Pa. (N. 
W. Shock, Baltimore City Hospitals, Balti- 
more 24, Md.) 

6-8. Paleontological Soc., St. Louis, Mo. 
(Miss K. V. W. Palmer, 109 Dearborn P1., 
Ithaca, New York.) 

6-8. Society of Economic Geologists, St. 
Louis, Mo. (H. M. Bannerman, U.S. Geo- 
logical Survey, Washington 25, D.C.) 

8. Society for the Scientific Study of 
Sex, lst annual, New York, N.Y. (R. V. 
Sherwin, 1 E. 42 St., New York 17.) 

8-13. International Rubber Conf., 
Washington, D.C. (B. S. Garbey, Jr., 
Pennsalt Chemical Corp., 813 Lancaster 
Pike, Wayne, Pa.) 

10-12. American Petroleum Inst., 38th 
annual, Chicago, Ill. (API, 50 W. 50 St., 
New York 20.) 

10-12. Physics and Medicine of the At- 
mosphere and Space, intern. conf. (by 
invitation), San Antonio, Tex. (South- 
west Research Center, 331 Gunter Bldg., 
San Antonio. ) 

10-13. American Dental Assoc., Dallas, 
Tex. (H. Hillenbrand, 222 E. Superior 
St., Chicago, Ill.) 

12-14. Society for Experimental Stress 
Analysis, annual, Albany, N.Y. (W. W. 
Murray, P.O. Box 168, Central Square 
Sta., Cambridge 39, Mass. ) 

12-15. Society of Naval Architects and 
Marine Engineers, 66th annual, New 
York, N.Y. (W. N. Landers, SNAME, 74 
Trinity Pl., New York 6.) 
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CALIBRATED for Rapid and Repeated 


Deli 
DISPENSERS elivery of Accurate 


Volumes of Liquid 





SIMPLE TO USE 


..accuracy to within + 1%, 


..Measurement is automatic, 
therefore accurate and rapid. 


Examples of Use 


Accurate filling of ampules, vials, 
and test tubes. 


Making serial determinations. 
Pipetting serological test reagents. 


Adding chloroform, strong acids, 
cyanide solutions, and solvents. 


Making up water blanks, or other 
media. 


For delivery of known amounts 
of Kjeldahl buffers. 


Write for Brochure D. 





Also Available— 


Special Apparatus for Paper Strip 
Chromatography 


Improved Reagent Sprayers 


2. Tip forward to dispense. Write for Brochure A 





manufacturer 


07-1 Ei am N10) 7 -Wh 0) 2s 10) 0) | Or 


98 RINCON ROAD . BERKELEY 7 -« CALIFORNIA 

















IF YOU WORK WITH 


HIGH VACUUM 


AVOID... FUSSING TIME : 


.. TINKERING TIME ONE SOURCE FOR 


POOR PERFORMANCE * ait HIGH VACUUM 


« - OPERATING DIFFICULTIES 


« COMPONENTS 

Satisfactory design and profitable opera- Baffles 
tion of high vacuum eq pe require ; Cold traps 
yea poanl knowledge and components. , Connectors 

ven if you’re already a vacuum expert, + Filters 
you can avoid lengthy study, ious °¢ Gaskets 
calculations, and costly pitfalls by asking * *Gauges 
for the assistance of NRC vacuum ° *Leak detectors 
specialists. That’s the quick, sure, no- ; Seals 
cost way to assure that you benefit from *Valves 


the lessons learned in thousands of 
vacuum installations. « PUMPS 

NRC Equipment Corporation is your “Diffusion 
one convenient source for service-proved i Mechanical 
components, equipment, and systems Mechanical 
especially designed for high vacuum booster 
service, PLUS technical help in selecting 






the items which will best suit your own EQUIPMENT 
needs. , Altitude 
—” 


Write us today.f 


Crystal pullers 
aust 
systems 
*Furnaces 
*Impregnators 
Freeze Driers 


eeeeeeeeee 


EQUIPMENT 


CORPORATION *New literature 


available 

« **New literature 

. under preparation 
A Subsidiary of National Research Corporation 

Dept. 25-X, CHARLEMONT ST., NEWTON, MASS. 
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a new storehouse 
of knowledge 


for the “age of space” 
problems ... MICROCARDS* 


MICROCARDS can bring you reference 
data not otherwise available — foreign 
journals, exhaustive government research 
reports, limited-edition monographs — 
on easy-to-use cards. MICROCARDS 
also provide an economical way to record 
your own research findings, in perfect 
order, for circularizing as widely as 
needed. 


* A registered trademark. A MICRO- 
CARD is an opaque 3” x 5” card on which 
we record photographically, in miniature, 
as many as 80 pages of full-size docu- 
ments. You can keep a complete library 
at hand in an ordinary card file, locate 
particular references easily and read them 
clearly ... with a magnifying MICRO- 


CARD reader. A great amount of original 
source material is already available from 
MICROCARD publishers. Their current 
catalogs are available to you on request. 





FREE BROCHURE 


Write today for more information: 
What’s now available on MICRO- 
CARDS, where you can get your 
own material converted to MICRO- 
CARD FORM. 
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16-21. Radiological Soc. of North 
America, Chicago, Ill. (D. S. Childs, 713 
E. Genesee St., Syracuse, N.Y.) 

16-23. Scientific Information, intern. 
conf., Washington, D.C. (Mrs. M. Shep- 
pard, Intern. Conf. on Scientific Informa- 
tion, Natl. Acad. of Sciences—Natl. Re- 
search Council, 2101 Constitution Ave., 
Washington 25.) 

17-20. Conference on Magnetism and 
Magnetic Materials, Philadelphia, Pa. (H. 
B. Callen, Dept. of Physics, Univ. of 
Pennsylvania, Philadelphia. ) 

18-20. Air Pollution, Ist natl. conf., 
Washington, D.C. (Dept. of Health, Edu- 
cation, and Welfare, U.S. Public Health 
Service. Washington 25.) 

(See issue of 19 September for comprehensive list) 





Letters 


Radioactive Wrist Watches 


J. L. Haybittle, of the Radiothera- 
peutic Center at Addenbrooke’s Hospi- 
tal in Cambridge, England, has reported 
in Nature (17 May 1958) that some 
luminous-dial wrist watches contain sufh- 
cient radium to subject their owners to 
nearly two-thirds the maximum permis- 
sible level for exposure of hands and 
forearms. According to Haybittle, one 
watch, having an estimated radium con- 
tent of 2.2 uc, recorded on a film placed 
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Prevent Accidents with Acid-Proof 


STANDARD 
“SIPH-0-PUMP” 


Quick Procedure ... No loss 
NO NEED TO LIFT OR TILT... 


Just squeeze bulb gently (Fig. 1) and liquid will flow 
quickly into receptacle. Whether bottle, drum, can or 
barrel, the container remains stationary throughout en- 
tire operation. To stop flow from the pump, press stop 


Turning the delivery tube upward (Fig. 3) 
Pu? remnant to flow back into container. 


fs RETURNS EXCESS TO CONTAINER... 


By dipping delivery tube (Fig. 4) into discharged liquid 


UNAFFECTED BY MOST SOLUTIONS, including: 


ALCOHOL LIQUID AMMONIA INKS 
: DETERGENTS FORMIC ACID TURPENTINE 
Turn upwards ESSENCES LACTIC ACID PETROLEUM 
t GASOLINE MURATIC ACID Ly cae 
7 | 


FORMALDEHYDE SULFURIC ACID 
NITR 


Apparatus consists of: Siph-O-Pump, 
sion tube, discharge tube and acid-proof stopper. For 


2). 


will force 


and pushing valve button until only 
left in the receptacle. 


Ic ACID 


flow tube, exten- 











Peatitic 
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Supply 


RS 


he oh use with solvents, plastic tubes may be replaced by glass 
tubes. Please specify size of stopper when ordering. 
Cat. No. S-84542 “SIPH-O-PUMP” A—delivers approximately 
1% gallons per minute .............. Each $15.50 
Cat. No. $-84543 “SIPH-O-PUMP” B—delivers approximately — 
EES EP NEIUD. voce sare bree cece Each $16.50 
ee ee 
EXTRA STOPPERS, ACID-PROOF 
fe So Sor eo | | Jair a aa Ea. 1.35 
Sree eee Pee OR BO PUMPS... .. oc viccccucees Ea. 1.50 
45 x60 MM FOR ‘A’ OR ‘B’ PUMPS ................ Ea. 1.70 
55x70 Mit FOR ‘A’ OR ‘BD’ PUMPS .... ww csc eee. Ea. 1.95 
ey RP Oe a Ea. 2.25 | 


STANDARD SCIENTIFIC 
Carp. 
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LABORATORY 
APPARATUS 
808 BROADWAY — 


NEW YORK 3,N_Y CHEMICALS 











in contact with the back of the watch 
a dose rate of 8 mr/hr. 

During the past year we have been 
investigating the degree of radioactivity 
of luminous-dial wrist watches as these 
were made available to us by their own- 
ers. Watches were found to vary more 
than tenfold in their activity. Of 20 
watches examined, 12 showed activity 
not exceeding 1 mr/hr at a distance of 
approximately 1 in. from the face of the 
watch, four registered between 1 and 5 
mr/hr, two between 5 and 8 mr/hr, 
and two between 8 and 10 mr/hr. 

With an activity of 8 mr/hr at a dis- 
tance of 1 in., it may be calculated that 
at a distance of 8 in. a wrist watch worn 
24 hours a day can deliver 1.1 r a year; 
this is the dosage that might be delivered 
to the gonads by the most active watches 
when the watch is worn on the wrist in 
a position facing the gonads. The least 
active watches could deliver approxi- 
mately one-tenth this activity, or 110 
mr/yr (at 8 in.); at 12 in. this would 
be reduced to about 49 mr/yr, in good 
agreement with the dosage of 40 mr/yr 
estimated by Libby in Science [122, 57 
(1955)] for a _ wrist-watch radiation 
source at an average distance of 12 in. 
from the central body, including sex or- 
gans. The potentially harmful magnitude 
of the radiation from the most active 
watches, corresponding to 5 rem in about 
5 years, may be judged in the light of 
the recommendation by the International 
Commission on Radiation Protection 
that no one should receive a dose in ex- 
cess of 5 rem by age 30. 

When one further considers that this 
radiation is several times greater than 
natural background radiation and ex- 
ceeds by more than 100 times that pres- 
ently received from radioactive fallout, 
the potential hazard to the wearer of a 
luminous-dial wrist watch raises the 
question as to whether the small benefit 
that may be received from such a watch 
is worth the hazard. 

Grarton D, CHASE 
ArTHUR OSOL 
School of Chemistry, Philadelphia 
College of Pharmacy and Science, 
Philadelphia, Pennsylvania 


Drug Synergism 


in the report entitled “Drug synergism 
(potentiation) in pain relief in man: 
papaverine and morphine,” by Macris, 
Gravenstein, Reichle, and Beecher [Sci- 
ence 128, 84 (1958) ], the authors found 
“that less pain relief is obtained from 
morphine not preceded by papaverine.” 
In their interpretation of this finding 
the authors conclude that “synergism in 
the relief of pathological pain has been 
clearly demonstrated with analgesic 
drugs.” The authors also point out that 
papaverine alone has no analgesic power. 
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According to the methods described or 
referred to as having been employed in 
this study, it would appear that some pa- 
tients in a group of 18 received a chem- 
ically effective analgesic (morphine) 
soon after surgery whereas the remain- 
der of the group did not receive this 
treatment until at least 2 hours later, 
after they first had been given an in- 
effective treatment (papaverine). If this 
is sO, it is possible to explain the results 
that were obtained on the basis of (i) 
differences in the duration of pain be- 
fore chemically effective analgesia or 
(ii) the influence of prior experience 
with the ineffective papaverine treat- 
ment upon subjective reactions to mor- 
phine. Neither of these explanations im- 
plies drug synergy. That is, it is possible 
that the patients whose pain remained 
untreated for the longer period simply 
appreciated eventual treatment to a 
greater extent and, consequently, judged 
the treatment to be more effective. Or, 
by comparison with an ineffective treat- 
ment, the perceived effects of an active 
treatment may have been enhanced over 
those perceived without any reference, 

It might be argued that these alterna- 
tive interpretations of the findings in this 
study are less plausible than the synergy 
explanation offered by the authors. How- 
ever, it would seem that the very exist- 
ence of alternative explanations that are 
consistent with the literature on subjec- 
tive measurement raises an appreciable 
doubt that, in this study, pharmacologic 
synergy” has been clearly demonstrated.” 

RicHarp M. RittTer 
San Antonio, Texas 


In clarifying the situation, points to 
emphasize are the following: (i) pa- 
tients do not know what they are get- 
ting; (ii) the order of drug administra- 
tion is randomized; (iii) papaverine 
itself is equally ineffective as an anal- 
gesic whether it follows or precedes 
morphine. This could hardly be so if 
Ritter’s argument is correct. In view of 
this we do not believe that Ritter’s 
points (i) and (ii) have validity, al- 
though we have of course discussed such 
an “explanation” over the years. Evi- 
dence is lacking here that a subsequent 
dose is significantly influenced by the 
fact of a single postoperative medication. 
If this is not the case, we must have 
better grounds for giving up this posi- 
tive evidence than Ritter’s vague refer- 
ence to the “literature on subjective 
measurement.” I am familiar with this 
literature, having just completed a long 
book on the Measurement of Subjective 
Responses with over 1000 references, but 
I do not know what Ritter refers to. As 
we said in the report, “No clue about 
the nature of this interaction is avail- 
able.” 

Henry K. Bercuer 
Department of Anaesthesia, 
Massachusetts General Hospital, Boston 
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Using the Donner 3000 to display rate equations of chemical kineti 





On the right hand side of the blackboard are simultaneous equations represent- 
ing typical consecutive reactions in the complex parent-daughter relationships 
of radiochemistry. Set up according to the corresponding computer program- 
ming schematics on the left, the Donner 3000 solves the equations for arbitrary 
choice of parameters, and displays the results graphically on an oscilloscope 
or recorder. An important example of this three-component problem is the 
decay of Zirconium” and its daughter Columbium” to Molybdenum” as the 
stable end product... 


“Teaching Assistant” 


MODEL 3000 


There’s a new way to multiply effectiveness in the teaching of science 
—without multiplying the teaching load. The Donner Model 3000 
Analog Computer serves as a veritable “Teaching Assistant,” recre- 
ating the dynamic behavior of an arbitrary physical system from the 
describing differential equations. Its behavior is quantitative, its pre- 
sentation is visual, its impact on the student is powerful and lasting. 


A Donner analog computer can take responsibility in your classroom 
for faithful display of dynamic phenomena, from the simulation of 
nerve action to the solution of differential equations of pure mathe- 
matics. Without detailed knowledge of analog computers you can use 
the Model 3000 to solve and display problems in such fields as: 
antenna design * medical research © cybernetics * electron trajec- 
tories ¢ nuclear reactor design © fluid mechanics © heat transfer anal- 
ysis * aerodynamics * meteorology © classical and nuclear physics 
¢ chemical kinetics * petroleum engineering * servo system analysis 
© auto- and cross-correlation * economic forecasting. 


Donner has pioneered in the introduction of electronic analog com- 
puters to the lecture room and the laboratory. For just over $1000 
you can put the Donner Model 3000 to work in your classroom. A 
letter outlining your specific areas of interest addressed to Dr. V. B. 
Corey, Technical Director, Donner Scientific Company, Concord, 
California, will bring full details. 
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Equipment 


The information reported here. is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
concerning the items listed appears on page 794. 


™ NUCLEAR BATTERY uses krypton-85, an 
inert-gas radioisotope that is said to be 
relatively safe because it is not absorbed 
by the body. The model K_ battery, 
1 7/16 by 7 1/6 in. and weighing 22 g, 
has a current rating of 10 to 1000 wna 
and an open-circuit potential of several 


thousand volts. Operating and shelf life 
is about 10 yr. Accuracy of current de- 
livery is +0.5 percent of rating. (Uni- 
versal Winding Co., Inc., Dept. 377) 


® VHF FREQUENCY METER is accurate to 
1 part per million over the range 20 
to 3000 Mcy/sec. The instrument is 
capable of measuring and generating sig- 
nals over the 10 kcy to 3000 Mcy/sec 
range. Frequency may be read directly. 
(Lavoie Laboratories, Inc., Dept. 357) 


™ BALLISTOCARDIOGRAPHY TRANSDUCER is 
a variable-reluctance accelerometer with 
full-scale output range of + 5-g. Response 












AUTOMATIC 
FRACTION 
COLLECTOR ; Waetoee 





Model 230 





FOR COLUMN CHROMATOGRAPHY... 
Both Time and Drop Counting Operation 


Model 230 Automatic Fraction Collector utilizes the 

accurate drop-counting method of fraction cutting to pro- 

vide precise volume measurement and clean separations. 

Mixing, contamination and evaporation are precluded 

by avoiding the use of intermediate collecting vessels, 

glass arms and funnels. Drops are counted as they fall 
from the column directly into the collecting tubes. 

Ease of operation and a high degree of reliability have 

been attained by not using complicated mechanisms |] : 

or complex indexing systems. The overall result is 

high quality performance at moderate cost. 


Request full information. Ask for bulletin 230. 


Plackard Instrument Company, 


DEPT. A + P.O, BOX 428 + LA GRANGE, ILLINOIS 












is uniform from 0 to 40 cy/sec. The de- 
vice is designed for 3000-cy/sec, 3-v 
r.m.s., excitation. (Northam Electronics, 
Inc., Dept. 367) 


MRESISTANCE THERMOMETER for the 
temperature range near absolute zero 
uses arsenic-doped germanium as the 
sensing element. Reproducibility is bet- 
ter than a few ten thousandths of a de- 
gree at 4.2°K, even after repeated cy- 
cling from room temperature. Resistance 
is determined by measuring the poten- 
tial drop when a current of approxi- 
mately 10 wa is passed through the ele- 
ment. The instrument is not yet com- 
mercially available. (Bell Telephone 
Laboratories, Dept. 380) 


™ ULTRASONIC DRILL is designed for drill- 
ing into hard, brittle materials. The 
equipment consists of a drill assembly 
and an ultrasonic generator that pro- 
vides excitation power at 20 to 22 kcy/ 
sec. Power output is 100 w. (Gulton In- 
dustries Inc., Dept. 368) 


© WASHABILITY MACHINE is designed to 
measure washability, scrubbability, clean- 
ability, removability, and abrasion re- 
sistance of coatings and other surfaces. 
A counter records the number of scrub- 
bing cycles made during a test. An auto- 
matic timer and other accessories are 
available. (Gardner Laboratory Inc., 
Dept. 369) 


@ INSTRUMENT MOTOR is_battery-oper- 
ated for balloon, oceanographic, and 
similar applications. No brushes or com- 
mutator are used. The rotating assembly 
is an Alnico disk; the stationary field 
coils are commutated by transistors. A 
6-v model draws 6 ma and _ provides 
torques of the order of 10 oz in. at 1 
rev/min. (Brailsford & Co., Inc., Dept. 
378) 


™ MICROSCOPE ILLUMINATOR is equipped 
with either a xenon lamp which supplies 
light of 6300°K, or with a high-pressure 
mercury-vapor lamp. Light collectors are 
quartz. (Wild Heerbrugg Instruments 
Inc., Dept. 379) 


®@ FREQUENCY-PERIOD COUNTER has range 
0 to 220 kcy/sec in frequency and 10 
usec to 100,000 sec in period. A memory 
circuit holds the reading while the coun- 
ter accumulates data for the next read- 
ing. Readings are displayed as 2¥2-in. 
numerals in an 8-by-5-matrix of neon 
bulbs. Thus a large amount of redun- 
dancy is provided that prevents mis- 
reading because of lamp failure. (Com- 
puter Measurements Corp., Dept. 382) 


™ X-RAY DETECTOR is designed to detect 
x-rays produced as secondary emission 
from high-power radar transmitters and 
from other high-voltage electronic equip- 
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ment. Internal shielding makes possible 
measurement in the presence of high-in- 
tensity radio-frequency pulses, or other 
fields. The device is said to be accurate 
over the 100-to-600-kev energy range. 
The transistorized instrument operates 
from 1.5-v batteries. (Universal Tran- 
sistor Products Corp., Dept. 381) 


™ BETA-RAY SPECTROMETER is an inter- 
mediate-image lens type capable of 
measuring electrons up to 8.3 Mev, or, 
when used as a pair spectrometer, gam- 
mas up to 17.6 Mev. Transmission is a 
maximum of 8 percent of 4x, and re- 
solving power is 0.7 percent at 1 percent 
transmission or 1.2 percent at 6 percent 
transmission. An iron jacket reduces the 
effect of stray fields. Maximum deviation 
from linearity is +0.1 percent in the 
range 36 kev to 8.3 Mev. (LKB-Produk- 
tor Fabriksaktiebolag, Dept. 389) 


MGLASS-MARKING STYLUS deposits ti- 
tanium to provide chemical- and heat- 
resistant marking on glass and ceramic 
surfaces. The marking is impervious to 
solvents, heat, and steam but may be re- 
moved by brief immersion in hot HCl. 
(Oxford Laboratories, Dept. 388) 


®@ LIGHT-SCATTERING PHOTOMETER deter- 
mines particle size in micron and sub- 
micron ranges and records haze and tur- 
bidity in moving streams. In the instru- 
ment, a light from a mercury-vapor lamp 
is passed through the sample, and scat- 
tered light is measured by a multiplier 
phototube. (American Instrument Co., 
Dept. 384) 


™CIRCLE-FLASH UNIT for close-up clini- 
cal photography is a repeating lamp good 
for at least 25,000 flashes. Central hot 
spot is said to be eliminated. The source 
is a cold light usable in human orifices. 
Effective illumination lasts 0.001 sec. 
Sufficient illumination is provided to 
permit using {/22 lens opening. (Medi- 
cal, Dental Scientific Photographic 
Equipment Co., Dept. 387) 


"FILM-PROCESSING EQUIPMENT for 70 
mm x-ray film will handle up to 100 
ft of film. The equipment includes a film 
reel, a jig for loading the reel, and three 
solution tanks. The tanks nest for storage. 
(Picker X-Ray Corp., Dept. 390) 


"TEMPERATURE PROBE for the range 
— 200° to +.250°C uses a pure platinum 
wire element in a strain-free mounting. 
Stability is such that 50 cycles from 
100°C to liquid-nitrogen temperature 
results in a resistance drift equivalent 
to 0.01°C. Resistance of 1380 ohm at 
0°C is standard. Time constant is 0.1 
sec in water at 3 ft/sec flow. (Rose- 
mount Engineering Co., Dept. 392) 
JosHvuA STERN 
National Bureau of Standards 
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After years of Study, 


Research and Development 


Duralab offers 


the ultimate in 


FUME HOOD 


Design and 
Engineering 


e A FREE COPY 
of this new and 
comprehensive 
Fume Hood 
Catalog DH3 
is yours on 


request. 





DURALAB EQUIPMENT CORP. 


979 Linwood Street, Dept. $, Brooklyn 8, N.Y. 


Manufacturers and Designers of Laboratory Furniture and Equipment 








THE LUMINESCENCE 
OF BIOLOGICAL SYSTEMS 


edited by Frank H. Johnson 


6” x 9’, clothbound, 466 pp., 
genera and species, subject and author 
indexes, bibliographies 
$7.00 ($6.00 for cash orders 
by AAAS members) 


“The recent rapid development of 
bio-luminescence is well illustrated by 
the book and it should hasten the transi- 
tion of the field from a highly special- 
ized area to one having many points of 
contact with other parts of both physi- 
ology and chemistry.” American Scien- 
tist, Autumn 1956. 

The volume inchides papers and dis- 
cussion on fundamental aspects of “cold 
light” given at a recent international 
conference. Leading investigators pro- 
vide a critical evaluation of current 
knowledge while exploring approaches 
to unsolved problems. The free inter- 
change of ideas in the discussions inten- 
sifies the stimulating nature of the book. 


AMERICAN ASSOCIATION FOR 


THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Ave., NW, 
Washington 5, D.C. 











Get UNITRON’s FREE 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with o tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both begi and ad d 
amateurs. 
Contents include — 
© Observing the sun, 
moon, planets and 
wonders of the sky 
Constellation map 
Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 


















INSTRUMENT DIVISION of UNITED SCIENTIFIC CO 
204-206 MILK STREET * BOSTON 9, MASS 














Please rush to me, free of charge, UNITRON's new Observer's 
Guide and Telescope Catalog. 4).1 
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Just published: Vol. 12 (581 pages ) 


W. W.U sisloweah 


Bacterial Protoplasts The 
Bacterial Viruses (With Particular Reference to 


the Basis of Their Pathogenicity 

Parasitic Diseases of Man (Recent) 

The Control and Eradication of Animal Diseases in The first 
the United States 

Metabolism of Carbohydrates and Related Compounds 

Inorganic Nitrogen Metabolism 

Microbial Nutrition 

Nutrition and Ecology of Protozoa and Algae 

Bacterial Genetics 

Genetics of Fungi 

Review of the Microbiological and Immunological 
Literature Published in 1957 in the U.S.S.R 

Antibiotics in the Control of Plant Diseases | 

Masked Virus Infection in Plants 

Plant Tissue Cultures Open a Botanical Frontier 

Factors Determining the Pathogenicity of Staphy- 
lococci 

Microbiological Aspects of Radiation Preservation 
of Food 

Chemical Disinfectants 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere ) 


ANNUAL REVIEWS, INC. | 


Grant Avenue, Palo Alto, California 
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ANNUAL REVIEW OF SCIENCE ON 
MICROBIOLOGY 
ed ae ie ee || Cc. MR 


International Geophysical Year has 


Adsorption/Penetration) greatly increased the use of Microcards for 
Newly Recognized Respiratory Tract Viruses | scientific material. It is, therefore, not surpris- 
The Use of Bacteria Grown In Vivo for Studies on | ing that we have had to reprint SCIENCE on 


Microcards for the years from 1953 on. 


half of 1958, volume 127 of 
SCIENCE, is now also available in this form: The 
space saving is substantial: 35 sets of cards 
occupy the space of one set of SCIENCE. 


The price has remained unchanged, $7.50 


per volume. 


Order now from 


SCIENCE, 


1515 Mass. Ave. NW, Washington 5, D.C. 


SCIENCE ON MICROCARDS 


$7.50 per volume $15.00 per year 
11953 (1954 11955 [1956 (1957 11958 (vol. 127) 
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PERSONNEL PLACEMENT 























ote | rl | 
cLassineD; 25¢ per wore, minima | | Iii] POSTTTONS OPE fi 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- (a) Bacteriologist; B.S., M.S. for private cen- 
ment in advance is required. tral laboratory, three pathologists serving sev- 
ai eral area hospitals; five technicians in private 
Pence poeta = po _— laboratory; to $6000; Midwest. (b) Chemist; 
ean ; weeks —" jate OF Issue M.S., Ph.D. experienced hospital chemistry ; by 
riday of every wee four-man pathology group; to $8000; mideast- 
DISPLAY: Rates listed below—no charge ern university center. (c) Bacteriologist; M.S. 
for Box number. Monthly invoices will to supervise active laboratory section; 200-bed 
be sent on a charge account basis — general hospital; part-time teaching appoint- 
provided that satisfactory credit is ment in local college also connected; Ohio. (d) 
established. Biochemist; Ph.D. to supervise department, 
a " serve as liaison with medical staff; fully approved 
13 ae a ae 5 ae aon 300-bed general hospital; mideastern city of 
26 times in Tour 23.00 per inch £08 Pe (e) Pharmacologist; Ph.D. with indus- 
- ; 7 H trial experience; responsible long-term cardio- 
52 times in 1 year 22.00 per inch vascular, hypertension research program; charge 
For PROOFS on display ads, copy must of screening program; to $10,000; eastern phar- 
reach SCIENCE 4 weeks before date maceutical house. Woodward Medical Bureau, 
of issue (Friday of every week). Ann Woodward, Director, 185 North Wabash, 
" hicago, z 
Replies to blind ads should be addressed ~ eb NS eco Sa ee ee 
as follows: Biologi 
4 gist. Completed gre sduate work leading to 
sg number) ira foe $7344; to study ecology and pol- 
ution of estuaries of Virginia. Virginia Fisheries 
Welder et Be Ave., NW Laboratory, Gloucester Point, Virginia. 
wa 9/19, 26; 10/3, 10, 17, 24, 31 











M. .D. with research training did experience in 
iM pharmacology or physiology, to assist director of 
NA | POSITIONS OPEN pharmacology, in leading pharmaceutical com- 
pany. Excellent opportunities for research and 
advancement. Inquiries a be treated strictly 
confidential. Box 219, SCIENCE. 10/10, 17, 24 





Biolegist, Ph.D., with experience in tissue cul- 
ture and relaicd fields needed by an expanding 
eastern pharmaceutical company. Person will un- 











dertake responsible position in cancer and virus Microbiologist. With a major in biochemistry 
rese ah, E lease indicate qualifications. Box 217, and/or genetics for postdoctorate position in 
SCIEN 10/10, 17 large western university. Send compelte résumé 

with initial letter. Reply to Box 203, SCIENCE. 
ie ikl re 10/3 
Botanical and Cosmetic Chemist. An experienced Ph.D. Pharmacologist interested in pharmacody- 
botanical chemist and cosmetic ‘chemist are re- namics and drug evaluation, Real opportunity 
quired for an interesting and challenging over- in growing pharmacology section of a progres- 
seas assignment. Liberal salary and _ benefits sive midwestern pharmaceutical company. No 
offered. Please send complete resume to Box industrial experience required. Send salary re- 
212, SCIENCE, 10/3 quirements and résumé to Box 210, SCIENCE. 





9/26; 10/3, 10 








iilI| POstrtoNs open iil 


MARKETING ADMINISTRATOR 
MEDICAL RESEARCH 
INSTRUMENTATION 


The successful candidate will have 
a science degree (Chemistry or Bio- 
chemistry) with a minimum of five 
years experience closely related to 
the biomedical instrumentation field. 
Familiarity with institutional selling 
and ability to direct others desirable. 








Job environment includes significant 
responsibility in technical liaison, 
product promotion and = market 
analysis. 


Send résumé including age, educa- 
tion, positions held and earnings to 
Roy Holm 


BECKMAN /SPINCO 


1117 California Avenue 
Palo Alto 4, California 











NEW WORLD-WIDE GRADUATE AWARD 
DIRECTORIES for American Scientists, teach: 
ers, librarians to subsidize their education and 
Perce Saat Stipends $200-$10,000. Volume I 
(1957), $3; volume II (no duplication), special 
prepublication offer until 1 November, $2; both 
volumes $4 until 1 November. Limited edition. 
Complete, specific information on 400 awards in 
United States and overseas in each volume. 
CR DE, Sci., Box 99, Station G, Brooklyn 
22, N. ew 
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MII POSITIONS OPEN iil 








MEDICAL WRITER 


Opportunity available for young physi- 
cian in Professional Service Department 
of Medical Division. Should have ability 
and interest in medical writing. Clinical 
or laboratory research experience de- 
sirable. Please send complete résumé to: 


Technical Employment Coordinator 


THE UPJOHN COMPANY 


Kalamazoo, Michigan 











PATENT AGENT 


Warner-Lambert Pharmaceutical Com- 
pany’s continuing expansion has created a 
position for a patent agent or attorney to 
aid in the preparation of patent applica- 
tions and to assist in validity and nfringe- 
ment studies. 
Successful applicant should have had some 
legal training and patent experience in the 
or pharm tical field or as an 
examiner. 
For further information send résumé to 


Supervisor of Employment 
WARNER-LAMBERT 
PHARMACEUTICAL CO. 


Morris Plains New Jersey 



































(a) Pharmacologist to direct department, one 
of leading pharmaceutical companies ; staff of 30 
to 40 including five M.D.’s. and Ph.D.’s; may 
continue research of his own inclination; possi- 
bilities of academic connections; Midwest; (b) 
Endocrinologist; Ph.D. to head department, 
long-established company; Ph.D. or M.D. with 
minimum 5 years’ experience; $10,000; Mid- 
west. (c) Ph.D. in Nutrition or Chemistry; full- 
time research position; home economics depart- 
ment ot state college, South; most of work has 
been related to nutritive value of foods as af- 
fected by environmental and other factors. (d) 
Senior Biochemist with strong background in 
enzymology, particularly interested in enzymes 
affecting the central nervous system; research 
and development division, pharmaceutical com- 
pany; East. (e) Chemist qualified in microbiol- 
ogy to direct research laboratory, major indus- 
trial company; university city, East; $10,000 
$12,000. S10-1 Medical Bureau, Burneice Lar- 
son, Director, 900 North Michigan, Chicago. X 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22 N.Y. ew 





Virologist, State Virus Laboratory. Master’s de- 
gree with virus training and 2 years’ experience. 
Salary $440 to $550. Entrance step dependent on 
qualifications. Excellent opportunity in diagnos- 
tic and research activities in newly established 
and well-equipped laboratory. State Board of 
Health, Helena, Montana. 9/10, 26; 10/3 


lil POSITIONS WANTED || 


Botanist-Plant Physiologist, research, adminis- 
trative experience. Crops background, publica- 
tions. Man, 39. Available early summer 1959. 
Box 214, SCIENCE. 10/10 











Biochemist, Ph.D., age 32 
publications (adrenals, pituitary, chromatogra- 
phy). Main interests endocrinology, protein 
chemistry. Will consider basic research position 
with little or no teaching duties. Available Sep- 
tember 1959. Box 208, SCIENCE. Xx 


; 9 years research, 22 





Chief Biochemistry Technician, capable of setting 
up or running a clinical biochemistr Aah 
Interested in opening. Box 213, SCIENCE 

107 10, 17, 24 
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The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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|| PROFESSIONAL SERVICES |i 


LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Oty. $, 18921 Walnut $t., Philadelphia 3, Pa. 


















BACTERIOLOGICAL 
CHEMICAL 


Pharmacologica 





TRUESDAIL 


LABORATORIES 


Py Francisco 
Honolulu 


Boar W. Truesdail, Ph.D., President 
. Jeffreys, Ph.D., Technical Director 





USE THIS EASY SELF-MAILER to obtain 
further information 


Readers’ Servi 
Neaders ervice 


Information Requisition 


3 October 1958 


it’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


a 6s SN ne no. 8 eee 


(Please print or type) 
Mark, clip coupon—FOLD HERE along this li;e—mail 











Postage eel 
Will tia : pe 
y If Mailed in the 
Addressee United States 
| BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 
oiailins ; Sesbbns 
SCIENCE MAGAZINE 
Room 740 
11 West 42 Street 
New York 36, New York 
Fasten Here Only 
Staple, Tape, Give 
793 
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[PROFESSIONAL SERVICES || 





AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of the nation’s largest 
book publishers’ is seeking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, send for booklet 28A — it’s free. Vantag ze 
Press, 120 W. 31 St., New York 1. (Branches in: 
Washington, 


BG. Chicago, Hollywood, Calif.) 








MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C. 
De Formerly FOOD RESEARCH LABORATORIES, INC. 











LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, “Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 






Project Research and Consultation 





Write for Price Schedule 
P. O. Box 2217 * Madison 1, Wis. 








|Illl| BOOKS AND MAGAZINES |i 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











Ge P . 


Information Requisition 


3 October 1958 


Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


\368 
384 


357 
381 


367 
382 


369 
387 


ADVERTISERS IN THIS ISSUE 


377 
388 


378 


389 390 392 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 


used to indicate particular items available 


in order of appearance in advertise- 


ment. Where more than one ad appears on page, ‘‘U”’ indicates upper ad, “‘L”’ 
lower ad, ‘‘l’’ inside ad, ‘‘M” middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 


is indicated by *. Readers are requested 


to specify on this coupon the par- 


ticular item in which they are interested; otherwise, the request cannot be 


processed. 

0 742 0 743 D 745 0 746 0 748 

0 783, Ul 0 783, UO 0 783,L 0 784 0 785, Ul 
0 785, UO D 785,L 0 787, Ul 0 787, LI 0 787,0 
0 788 0 789 0 790 0 791,U 0 791, LO 
0 792, UO 0 795 0 796 
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[[[SuPPLies AND EQUIPMENT jj 





CONSULTATION, RESEARCH, 
DEVELOPMENT 
For Drug, Food, Cosmetic and Chemical Industry 
CONTRACT RESEARCH PATHOLOGY. 
CLINICAL EXFOLIATIVE CYTOLOGY. 
INBRED & HYBRID QUALITY HAMSTERS. 
Contact without obligation 
BIO-RESEARCH CONSULTANTS 
9 Commercial Avenue, Cambridge, Mass. 
Un 4-8735 
F. Homburger, M. “ny Director; P. Bernfeld, Ph.D., 
Director of Research; H. J. C. MacMillan, M.D., Path- 
ologist; R. Whitney, Ph D., Director of Animal Production 














Sprague-Dawley, Inc. 


Pioneers in the development of the 
standard laboratory rat. 


Sprague-Dawley, Inc. 
P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 


WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J. E. STOCKER Box4 Ramsey, N.J. 


URIC ACID 6-C“ 


other High Radiopurity tagged compounds 


> ISOTOPES HF INC. 


DIVISTON OF NUCLEAR CORPORATION OF AMERICA, INC. | 






































TEXAS INBRED MICE COMPANY 


NOW AVAILABLE: Cs:H 
AK 


(CsHx10T) F 
Mice of all strains derived from pure bred stock main- 
tained by brother to sister matings and proper genetic 
selection. 
6140 Almeda, Houston 21, Texas 
Phone: JAckson 9-2764 














e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago d9, LA 








ONE RCA ELECTRON MICROSCOPE 
MODEL EMU ith Accessories in 
A-One KES ‘. 
P. R. STOK R. SQUIBB & SONS, 
GEORGES ae MiG BRUNSWICK, NEW JERSEY 
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albino rats 

Pirarnena vel of ee ‘ 
" Wistar Strains 


ny pesadibediiont 
Rats 





o 
ae! L. FOSTER, = V.M. 
resident and Direc’ 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 


“OUR PREVIOUS AD 
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: created a great deal of interest, 
| Addi- 
| tional advertising in your magazine 
4 
| 
l 









for which we are grateful. 


is contemplated.” 
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GET READY FOR THE SPACE ERA 


) AMAZING TELESCOPE BUYS * 


* AND OTHER OPTICAL BARGAINS 


fs OF 


REPLICA GRATING fenuca ‘yy 
Low, Low Cost S 


IZA00LINES {> 
PER INCH 

It’s here—after decades of effort. 

Replica Grating—on film—at very low ANN \ 

















price. Breaks up white light into full 
spectrum colors. An exciting display. 
13,400 lines per inch, running long 
way on film 8” wide—grating area 7%”. Thickness about 
.005”. Dispersion about 24°. Use it for making spectro- 
scopes, for experiments, as a fascinating novelty. First time 





SPECTRUM 

















available such large size—-so cheaply. Comes in clear 
plastic protector. 

Stock No. 40,267-W piece 8’x11” ..... $1.50 pstpd. 
Stock No. 50,180-W piece 8” x6 ft. ..... $5.95 pstpd. 





50-150-300 POWER MICROSCOPE 


Amazing Value—Equal of a $75.00 Instru- 
wae ment! 3 Achromatic Objective Lenses on 
a £ Revolving Turret! Imported! The color-cor- 
rected, cemented achromatic lenses in the 
objectives give you far superior results to 
the single lenses found in the microscopes 
selling in this range. Results are worth the 
difference! Fine rack and pinion focusing. 
Stock No. 70,008-W $14.95 Pstpd. 
MOUNTED 500 POWER OBJECTIVE 
A Threaded for easy attacliment on 
above microscope. Achromatic lenses for fine 
viewing. 3 mm_ foeal length. 
Stock #£30,197-W $5.00 Pstpd. 


TAKE PHOTOS of the MOON 
Through Your Telescope with 
EDMUND 


CAMERA HOLDER 
for TELESCOPES 


Bracket attaches permanently to reflecting or refracting 
telescopes. Removable rod holds camera over eyepiece to 
take pictures of Moon . . . or terrestrial telephoto shots 
of distant objects. White metal projection screen permits 
you to see the sun spots! Includes brackets, 28%” rod, 
projection screen, screws, directions. 

Order Stock No. 70,162-W $9.95 Postpaid 
(Send Check or M.0.—Money-Back Guarantee) 
SaaS 
American Made — 

Over 50% ete | 
STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, inspecting, 
small assembly work. Up to 3” work- 
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 

23X and 40X. 
Stock No. 85,056W 
f.o.b. Barrington, N.J. 


Low Power Suppl ary Lens Attach it for above Stereo 
Pepe gy 15X down to 6X with clear, extra large 144” 
fleld at 6 

Stock Noe " 30,276-W 





















NEW HAND SPECTROSCOPE 


Never before such low price! 
Only possible because it em- 

4 ploys newly developed replica 
grating film—with 13, 400 lines per inch. This grating is 
mounted in aluminum tube 4%4” long, %4” dia., with a 
fixed slit. Excellent for demonstrating spectrum; to see 
spectral lines of gases; for recognizing transmission and 
absorption bands of colored glasses, filters, dyes. Also will 
identify more promient Fraunhofer Lines. 


Stock No. 30,280-W 





$2.50 Postpaid 





BUILD A SOLAR ENERGY FURNACE 
Good Geophysical Year Project 


A fascinating new field. You can build 
your own Solar Furnace for experimenta- 
tion—many practical uses. It’s easy— 
inexpensive—use your scrap wood. We 
furnish instruction booklet. This sun 
powered furnace will generate terrific 
heat 2000° to 3000°. Fuses enamel to 
metal—produces many unusual fusing 
effects. Sets paper aflame in seconds. Use our Fresnel Lens 
—14%” diameter... f.1. 14”. 


Stock No. 70,130-W Fresnel Lens $6.00 Postpald 



















ORDER BY 


STOCK NUMBER... 























TELESCOPE CAMERA 


Here is a special camera for taking excellent close-up shots through 
your telescope . . . pictures of the moon, stars . . . terrestrial tele- 
photo pictures. Sturdily built, o— operated, this useful camera em- 
ploys sheet film. One film holder—size 2%” x34" is included. 
Camera lens is 4-element—not only magnifies the image but extends 
it from normal eyepiece image plane to film plane. Yellow filter is 
included. Camera box size is 3x4x5”. Tube that fits into eyepiece 
holder is 5” long with 114” O.D. for standard telescopes. Cable release 
and 3%” x 414” piece of ground glass also included. Precision Ger- 
man-made shutter has speeds of T., B., 1 sec., 1/2, 1/5, 1/10, 1/25, 
1/100 and 1/200. Also has delayed action shutter release. 


Stock No. 70,166-W $39.50 Postpaid 













See the Stars, Moon, Planets Close Up! 
3” ASTRONOMICAL REFLECTING TELESCOPE 
60 to 160 Power—An Unusual Buy! 


Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet Mars, huge 
craters on the Moon, Star Clusters, Moons of Jupiter in detail, Galax- 
ies! Equatorial mount with lock on both axes. Aluminized and over- 
coated 3” diameter high-speed f/10 mirror. Telescope comes equipped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
160 power. An Optical Finder Telescope, always so essential, is also 
included. Sturdy, hardwood, portable tripod. 

Free with scope: Valuable STAR CHART and 272 page ‘‘Astronomy Book.” 
Stock No. 85,050-W $29.95 Postpaid 


ASSEMBLED 
AND 
READY TO USE! 





Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year-old student. 


a REI eA RRR 
SALE! Terrific WAR SURPLUS BARGAIN! Made by B & L and E. K. 





Gov’t. Cost $1218 


AERIAL CAMERA LENSES| &7'.c2" 37:3 


24” F.L. £/6, in 23” Long Lens Cone Used; $59.50 New 


Mounted in beautiful brass cells, lenses are 4” dia. precision 4-element type, Aero 

Tessar and Aero Ektar (no choice). Housed in cone—10” focal plane beyond cone 

and permits building on a film holder, eyepiece, etc. Lenses easily removed for other 

uses. Diaphragm is included—adjusts by flexible rod (easily extended) from 1/6 

to f/22. Opens approx. 1” to 344”. Lens and cone—wt. 25 lbs. Sturdy carrying 

trunk—vwt. 26 Ibs. 

USES: 1. For use as long range, Big Bertha Telephoto lens. 2. For Richest field 
(wide field, low power) telescope. 3. As Opaque Projector lens. 4. For use 
in Operation ‘‘Phototrack’’ (photographing a Satellites) 

Order Stock No. 85,059-W 4”, = Priee $39.50 f.0.b. Utah 

Order Stock No. 85,060-W 4”, new. Priee $59.50 f.0.b. Utah 

Send Check or M.0. — Money-back guarantee 


LOW COST SCIENCE TEACHING AIDS 


HAND STROBOSCOPE—Stops visual motion of fan blades, etc. Black plastic 











DIRECT MEASURING POCKET 
MICROSCOPE—50 POWER 

















disc—8” dia.—6 slits. Hold in hand. Rotated with finger. Low price for tis asamp | 
Se Ch) SE as peau MENS N eR deriv csccs cedtecdas 3.00 ; —— 
Plus postage & packing—35¢ . . . Total ..............00c00s $3.35 { EAR ARKRA xx p 

rr r ’ 
COILED SPRING—WAVE DEMONSTRATOR—Similar to ‘‘walk down the ReTicLE PATTERN 
step’’ type toy—but triple length for demonstrating wave motion, observing = 
pulses, understanding superposition and cancellations, ete. 3” dia—é6 Fountain pen size, makes direct read- 


length when compressed—extends to about 50 ft. 
Steck No. 90,002-W 
Plus postage & packing—50¢ . . 

RIPPLE TANK—Now available .. . 
interested, write to have name included on 


ing measurements; for checking small 
parts and dimensions under powerful 
magnification. Precision, glass etched 
reticle calibrated for measurements up 
to 1/10” by .001” divisions. 

Stock No. 30,225-W .. $7.95 Pstpd. 


ais ES CEE 45rd Cas oven eket kien 2.00 
$2.50 
as well as other teaching aids. If 
our mailing list for BUL- 








LETINS NO. 50-W 


Rte 


80 PAGES! 
OVER 1000 
OPTICAL BUYS 


CATALOG; 


Optics for the Space Era! 
Optics for the Science Class! 


Write for this amazing Catalog! You won't be sorry! 80 pages — 
hundreds of illustrations, charts, diagrams., A treasure-house of 





optical information . . . bargains galore. Scopes for observing Satel- 
lites, Moon, Planets, Rockets. Optics for classroom, research labs, 
experimenters, hobbyists! Instruments for checking, measuring. We 
give you FACTS, no fluff. Tell you what it is — how it works — 
where it’s used! 

COMPARATORS, MAGNIFIERS, MICROSCOPES 
Countless war surplus bargains — ingenious optical tools from 
foreign lands. Thousands of optical components: Infrared tele- 
scopes, microscopes, a ie lenses, prisms, wedges, mirrors, 
mounts — accessories of all descriptions. Shop the Catalog of 
America’s greatest optical mart. Mail coupon. No obligation. 


WRITE FOR FREE CATALOG “W” 


. SATISFACTION GUARANTEED! 


JERSEY 





SEND CHECK OR MONEY ORDER 


BARRINGTON, NEW 





EDMUND SCIENTIFIC CO. 





AO Spencer Picture-in-a-minute Photomicrography 


When you use the AO Spencer Photomicrographic 
Camera equipped with the Polaroid® Land Camera 
back, permanent photographs are ready for your files 
in just 60 seconds. A coupled visual and photographic 
system lets you shoot what you see... quickly and 
effortlessly. And with the Polaroid back possible errors 
in exposure, illumination or focus can be corrected 
immediately. 

In addition to the Polaroid Land camera back, you have 
a choice of 4 other readily interchangeable camera backs; 
4"x 5" fixed back; 4”x 5” Graflok back; 35mm_ back 
and Bantam back (roll film). You choose the camera 
back and film best suited to your specific require- 
ments. 


Here, the No. 682G Camera is being used with the 
AO Spencer Series 4 Microstar...an ideal combina- 
tion. The built-in base illuminator provides convenient 
Koehler-type illumination. You select specimen area 
and do all preliminary focusing through binocular por- 
tion of trinocular body .. . focus critically with the tele- 
scopic eyepiece. 

The sturdy vertical pillar, the easily adjustable camera 
support, the camera back and the Microstar all combine 
to provide‘a compact unit. Perfect alignment and rigidi- 
ty is assured .. . successful photomicrography becomes 
Stee. ee 

Try it and see for yourself. Your AO Representative 
will be happy to arrange a demonstration for you. 
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0 Please send me Brochure SB682 describing the entire line of | 
AO Spencer Photomicrographic Cameras. 
0 Please send me Brochure SB124 describing the new Microstars | 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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Address. 
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